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Preface 


TThe past few years have witnessed a 
notable increase in interest in and investigation of the cognitive proc- 
esses — the means whereby organisms achieve, retain, and transform 
information This increase in interest and effort should, we suppose, 
be counted as a “revival,” since there was an earlier time (the years 
before the first World War), when the Higher Mental Processes con- 
stituted a core topic within psychology 
One need not look far for the origins of the revival Partly, it has 
resulted from a recognition of the complex processes that mediate be- 
tween the classical “stimuli’ and “responses” out of which stimulus- 
response learning theories hoped to fashion a psychology that would 
by-pass anything smacking of the “mental " The impeccable periph- 
erahsm of such theories could not last long As “S-R” theories came 
to be modified to take into account the subtle events that may occur 
between the input of a physical stimulus and the emission of an ob- 
servable response, the old image of the “stimulus-response bond” be- 
gan to dissolve, its place being taken by a mediation model As 
Edward Tolman so felicitiously put it some years ago, m place of a 
telephone switchboard connecting stimuli and responses it might be 
more profitable to think of a map room where stimuli w ere sorted out 
and arranged before ever response occurred, and one might do well 
to have a closer look at these intervening “cognitu e maps ” 
Information theory is another source of the rewval Its short his- 
tory in psychology recapitulates the fate of stimulus response learn- 
ing theory The inputs and outputs of a communication system, it 
soon became apparent, could not be dealt with exclusively in terms 
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of the nature of these inputs and outputs alone nor even in terms of 
such internal characteristics as channel capacity and noise The 
coding and recoding of inputs— how incoming signals are sorted and 
organized— turns out to be the important secret of the black box that 
lies athwart the communication channel Those who would apply 
information theory to psychological phenomena are, then, similarly 
faced squarely with the problems of mediating cognition 
Finally, the revival has been stimulated by deep and longterm 
changes in personality theory Freud’s brilliant insights at the turn 
of the century focussed attention on what might appropriately be 
called the motivational economy of man’s adjustment the expression 
of inner drives and the resolution of such drives when they conflict 
His formulations and their later extension were, in considerable 
measure, a revolt against the excessive rationalism of the 19th Cen- 
tura Cognitive activity was at first of interest to the personality 
theorist only to the degree that it illustrated the manner in which 
“rational’ processes could be made captive of imperious drives and 
defenses Here too there has been a significant change Psycho- 
analysis and personality theory generally have become increasingly 
interested in what has come to be called “ego psychology,’’ and the 
so called synthetic functions of the ego grow more and more central 
Perhaps the change can even be dated to the publication of two 
books in the late 1930 s, one psychoanalytic, the other not Anna 
Treud’s The Ego and the Mechanisms of Defense, and Gordon W 
Allport’s Personality In any case, as the ego came out of hiding, 
the interest in cognitive functioning came with it If the work that 
came to be called the “New Look’’ in perception started off searching 
for manifestations of autism in perceiving, it soon became trans- 
formed into a search for links between general laws of perception 
and cognition on one side and general laws of personality functioning 
on the other 


This book is an effort to deal with one of the simplest and most 
ubiquitous phenomena of cognition categorizing or conceptualizing 
On closer inspection, it is not so simple The spirit of the inquiry 
is descriptive Wc have not sought “explanation” m terms of learn- 
ing theory, information theory, or personality theory We have 
sought to describe and m a small measure to explain what happens 
x\ lu n an intelligent human being socks to sort the environment into 
significant classes of events so that he may end by treating du- 
cnmmal.lv d.ffcrcnt things as equivalents In dealing with the prob- 
Ivin, we line found outsell es tr.iv oiling fur afield 
Whit we lnve to record in these piges is the outcome of a five- 
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year progiam of research, part of the Cognition Project m the Lab- 
oratory of Social Relations at Harvard University The work has 
been made possible by grants from the Laboratory, from the Rocke- 
feller Foundation, and from the Behavioral Sciences Division of the 
Ford Foundation, and we are greatly indebted to each of them for 
their support 

The work began in 1951 when two of us spent a year free of teach- 
ing duties at the Institute for Advanced Study and we gladly ac- 
knowledge our debt to its Director, Dr J Robert Oppenheimer, both 
for providing the opportunity and for giving us much good advice 
and helpful encouragement He once expressed the view that units 
of analysis in science usually turn out to be much larger and more 
inclusive than one at first expects As our own work has progressed 
from initial concern with the number of bits of information assim- 
ilated from single encounters with events to an ultimate concern with 
the informational properties of long sequences of acts called strate- 
gies, we recognize the appropriateness of his remark 

Empirical research began the next year at Harvard, and as is so 
often the case in psychology, the plans and formulations of the first 
year of thinking underwent some drastic changes when translated into 
experiments Dr Robert V Seymour, whose doctoral thesis was one 
of the first efforts at such translation, contributed greatly then and 
on subsequent occasions to our understanding of the conceptualizing 
process It was he who first saw the way m which conceptualizing 
behavior could be treated as a strategy problem Chapter 4 of this 
book is largely based on his efforts A doctoral research in the fol- 
lowing year had much the same energizing effect on our efforts, the 
work of Dr Robert E Goodnow His exploration of the manner in 
which human beings deal with and use uncertain cues provides much 
of the basis for Chapter 7 

Throughout, we have had the good fortune of being goaded and 
contained by research collaborators and assistants who have con- 
tributed materially to the design of research and its interpretation, 
and to the climate of thought in which we have worked Claire Zim- 
merman, Jean Matter, Donald 0‘Dowd, Elise Bartholomew, William 
Hull, Mary Potter, Michael Maccoby, Malcolm Jeeves, George Tal- 
land, Michael Wallach, and Lotte Baity n have all carried a share of 
the effort and we are indebted to them Lotte Bailyn began the un- 
ravelling of the problem of how “cither-or* concepts are handled in 
thinking, an account of which is to be found in Chapter 6, and Mary 
Potter contributed to the design and execution of research reported 
in v arious parts of the book 
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The program of research and the subsequent stages of analysis and 
writing were greatly aided by our regular but unofficial Thursday 
afternoon seminars, attended by research students, assistants, and an 
occasional colleague engaged in allied work The kind of seminar 
that is nourished by work in progress, we discovered, is the best 
seminar of all We hope this book does justice to the hotbed of ideas 
that flourished in Bow Street on Thursday afternoons 
Many colleagues have given us valuable comment and criticism at 
various stages of our work, both at Harvard and on the occasions 
when we have presented parts of the present book to colloquia at 
Yale, California, Swarthmore, Duke, Wellesley, and Clark None of 
the studies reported in these pages has been published before, our 
colleagues and colloquia were the principal means of getting the 
necessary corrective The late Professor Egon Brunswik, both 
through his writings and through personal conversation, has con- 
tributed much to our thinking It is a privilege to offer this book in 
his memory We have also gained much from our colleagues Profes- 
sor George Miller, Professor Frederick Mosteller, and Professor Roger 
Brown who has written an appendix to this book on applications to 
psycholinguistics There are many others to be thanked, but we par- 
ticularly wish to single out Professors Carl Hovland, Robert Bush, 
Clyde Kluckhohn John Whiting Ray Hyman, Renato Tagiuri, and 
Evon Vogt We are also indebted to Professor Herbert S Langfeld 
for his helpful suggestions 

Finally, we are grateful for the patient editorial and secretarial 
efforts of Miss Sally Cheng, and for the labors of Michael Wallach in 
preparing the index 

George Austin, our friend and collaborator died in his thirty second 
year, m December, 1955 The death of one so young, so courageous, 
and so promising is a loss to his friends and to learning 


Cambridge Mass 
Maj, 1950 


Jerome S Bruner 
Jacqueline J Goodnow 
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“We may insist as much as we like that the human 
intellect is weak But nevertheless there is 
something peculiar about this weakness The 
voice of the intellect is a soft one, but it does 
not rest until it has gained a hearing Ultimately, 
after endlessly repeated rebuffs, it succeeds ” 

S Freud 

The Future of an Illusion 
p 93 
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Introduction 


w begin with what seems a paradox 
The world of experience of any normal man is composed of a tremen 
dous array of discriminably different objects events, people, impres- 
sions There are estimated to be more thin 7 million discriminate 
colors alone, and in the course of a week or two we come m contact 
with a fair proportion of them No two people we see have an 
identical appearance and even objects that we judge to be the same 
object over a period of time change appearance from moment to 
moment with alterations in light or in the position of the viewer 
All of these differences we are capable of seeing, for human beings 
have an exquisite capacity for making distinctions 

But were we to utilize fully our capacity for registering the 
differences m things and to respond to each event encountered as 
unique, we would soon be overwhelmed by the complexity of our 
environment Consider onl) the hnguistie task of acquiring a vo 
cabulary fully adequate to cope with the world of color differences! 
The resolution of this seeming p iradox— the evistence of discrimination 
capacities which, if fully used, would make us slaves to the partic- 
ular— is achieved by mans capacity to categorize To categorize 
is to render discriminably different things equivalent, to group the 
objects and events and people around us into classes, and to respond 
to them m terms of their class membership rather than tJieir unique- 
ness Our refined discriminative activity is reserved only for those 
segments of the environment with which we arc specialty concerned 
Tor the rest, wc respond by rather crude forms of categonal place- 
ment In place of a color lexicon of 7 million items, people m our 
society get along with a dozen or so commonty used color names 
It suffices to note that the book on the desk Ins a ‘‘blue" cover If 
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the task calls for finer discrimination, we may narrow the category 
and note that it is in the class of things called ‘medium blue It is 
rare indeed that we are ever called upon to place the book in a 
category of colors comprising only the unique hue brightness satura- 
tion combination it presents 

The process of categorizing involves, if you will, an act of invention^ 
This hodgepodge of objects is comprised in the category ‘ chairs, 
that assortment of diverse numbers is all grouped together as powers 
of 2 ’ these structures are “houses” but those others are “garages ’ 
What is unique about categories of this kind is that once they are 
mastered they can be used without further learning We need not 
learn de novo that the stimulus configuration before us is another 
house If we have learned the class “house” as a concept, new 
exemplars can readily be recognized The category becomes a tool 
for further use The learning and utilization of categories represents 
one of the most elementary and general forms of cognition by which 
man adjusts to his environment It was in this belief that the re- 
search reported in this volume was undertaken For it is with the 
categorizing process and its many ramifications that this book is 
principally concerned 


IDENTITY AND EQUIVALENCE CATEGORIES 


The full moon, the moon in quarter, and the crescent moon all 
evoke the same nominative response, 'moon” From a common 
response made by a person to an array of objects we infer that he 
has an equivalence or identity category The similar responses 
from which we draw such an inference need not be verbal An 
air-raid siren, a dislodged piton while climbing, and a severe dressing- 
down by a superior may all produce a common autonomic response 
in a man and by this fact we infer that they are all grouped as 
danger situations Indeed, the person involved may not be able 
to verbalize the category While this is in itself interesting, it is 
not crucial to our point, which is simply that an equivalence range 
is inferred from the presence of a common response to an array of 
discnminably different events This leaves many technical questions 
unsettled (cf Kluvcr, 1933), but it serves to get the inquiry under 


Two broad types of categorizing responses are obviously of in- 
terest One of them is the identity response, the other the equivalence 
response, and each points to a different kind of category 
Without belaboring the obvious, identity categorization may be 
defined as classing a ^riety of stimuli as forms of the same thxng 
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What lies behind the identity response is not clear, save that it is 
obviously a response that is affected by learning. It does not do to 
say simply that an object is seen as the identical object on a later 
encounter if it has not “changed its characteristics too much.” The 
moon in its phases varies from a sliver to a circle, in color from 
luminous white to the bronzed hunter’s moon. Sheldon (1950) 
collected a series of photographs of the same individual over a period 
of 15 years, the person standing in the same position against a uniform 
background. The photographs span the period from early boyhood 
to full manhood. As one riffles through the stack, there is a strong 
and dramatic impression of the identical person in the process of 
growth. Yet the pictures go through a drastic metamorphosis. 
Because such identity responses are ubiquitous and because they 
are learned very early in life, we tend to regard them somehow as a 
different process from other forms of categorizing— the recognition 
of two different people as both being people. Yet both depend upon 
what Michotte (1950) speaks of as the presence of a cachet spdcijxque 
or essential quality. They are both forms of categorizing. What 
differs is the nature of the inference: in the one case we infer “iden- 
tity” from the presence of the cachet, in the other case “equivalence.” 

How one comes to learn to categorize in terms of identity cate- 
gories is, as we have said, little understood. Too often we have 
succumbed to the Kantian heritage and taken identity categories as 
given. Piagets recent work (1953) and the work of Michotte (1946) 
leave the question open. Piaget speaks of the learning of identity 
as corresponding to the mastery of a principle of conservation as in 
the conservation of energy in physics. At certain stages of develop- 
meat, aa. obyict passed, behind a screen is not indeed by the child 
to be the same object when it emerges on the other side. Hebb 
(1949) proposes that certain forms of neural growth must precede 
the capacity for the maintenance of identity. Whether the capacity 
is "innate” and then developed by being extended to new ranges of 
events or whether the capacity to recognize identity is itself learned 
is not our concern here. It suffices to note that its development 
depends notably upon learning. 

That there is confusion remaining in the adult world about what 
constitutes an identity class is testified to by such diverse proverbs 
ns phis ga change, phis la mtmc chose and the Hcraclitan dictum 
that wc never enter the same river twice. Indeed, in severe psychotic 
turmoil one sometimes notes an uncertainty nl>oiit the identity cate- 
gory that is the "scIT in states of depersonalization, and a rather 
poignant reminder that the identity of self is even equivocal in normal 
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the task calls for finer discrimination, we may narrow the category 
and note that it is in the class of things called ' medium blue It is 
rare indeed that we are ever called upon to place the book in a 
category of colors comprising only the unique hue brightness satura 
tion combination it presents 

The process of categorizing involves, if you will, an act of invention 
This hodgepodge of objects is comprised in the category “chairs, 
that assortment of diverse numbers is all grouped together as “powers 
of 2, these structures are “houses” but those others are “garages 
What is unique about categories of this hind is that once they are 
mastered they can be used without further learning We need not 
learn de novo that the stimulus configuration before us is another 
house If we have learned the class “house” as a concept, new 
exemplars can readily be recognized The category becomes a tool 
for further use The learning and utilization of categories represents 
one of the most elementary and general forms of cognition by which 
man adjusts to his environment It was in this belief that the re- 
search reported in this volume was undertaken For it is with the 
categorizing process and its many ramifications that this book is 
pnncipally concerned 

IDENTITY AND EQUIVALENCE CATEGORIES 

The full moon, the moon in quarter, and the crescent moon all 
evoke the same nominative response, “moon” From a common 
response made by a person to an array of objects we infer that he 
“has' an equivalence or identity category The similar responses 
from which we draw such an inference need not be verbal An 
air-raid siren, a dislodged piton while climbing, and a severe dressing- 
down by a superior may all produce a common autonomic response 
in a man and by this fact we infer that they are all grouped as 
danger situations Indeed, the person involved may not be able 
to verbalize the category While this is in itself interesting, it is 
not crucial to our point, which is simply that an equivalence range 
is inferred from the presence of a common response to an array of 
discnminably different events This leaves many technical questions 
unsettled (cf Kluver, 1933), but it serves to get the inquiry under 

Tv .0 broad types of categorizing responses are obviously of in- 
terest One of them is the identity response, the other the equivalence 
response, and each points to a different kind of category 

Without belaboring the obvious, identity categorization may be 
defined as classing a variety of stimuli as forms of the same thing 
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not difficult to imagine that the effectiveness of poetry o en 

its ability to cut across our conventional linguistic ca V es ' . 

evocative of more affective categorizations Archlba ’ d n . 

(1939) catches well this esthetic need for free om r 

tional verbal categories in his lines, 

A poem should be palpable and mute 

As a globed fruit 

Dumb 

As old medallions to the thumb 

Silent as the sleeve worn stone n- 

Of casement ledges where the moss a 8 1 

A poem should be wordless 

As the flight of birds 

fhe problems of specifying the properties of °j^j u0US w }, en the 
a common categorizing response become an in ternal 

C f te g°ry is a functional or utilitarian one Rath nmva i e nce is based 
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Ponse almost always have, as Bartlett (1951) gS • IatnC futic- 

ter polativc function (“gap filling") or a speci c jtf a ier (1930, 

^ ^°' V nex * s ^ e P” ) Th ^ e r:7re!enrchonU.econ ; 

1. 1945) represent an outstanding instanc , **,. c q U jrements 

“'lions which facilitate and inhibit the recognition ng spccl fic 

oossary for cnrrpct identification of an obj ec example* 
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states is provided by the sign behind a bar in the Southwest: 

I ain’t what I’ve been. 

I ain’t what I’m going to be. 

I am what I am. 

We speak of an equivalence class when an individual responds to 
a set of discriminably different things as the same kind of thing or as 
amounting to the same thing. Again wc depend for our knowledge 
of the existence of a category upon the presence of a common re- 
sponse. While there is a striking phenomenological difference be- 
tween identity and equivalence, both depend upon the acceptance 
of certain properties of objects as being criterial or relevant— again 
Michotte’s cachet sp£cifique— and others as being irrelevant. One 
may distinguish three broad classes of equivalence categories, each 
dis tinguished by the kind of defining response involved. They may 
be called affective, functional, and formal categories. 

Certain forms of grouping appear to depend very heavily upon 
whether or not the things placed in the same class evoke a common 
affective response. A group of people, books, weather of a certain 
kind, and certain states of mind are all grouped together as “alike,” 
the “same kind of thing” Further inquiry may reveal that all of 
them were experienced during a particularly poignant summer of 
childhood. What holds them together and what leads one to say 
that some new experience “reminds one of such and such weather, 
people, and states” is the evocation of a defining affective response. 

Characteristically, categories marked by an affective defining re- 
sponse are not amenable to ready description in terms of the prop- 
erties of the objects comprising them. The difficulty appears to lie 
in the lack of correspondence between affective and linguistic 
categories. As Schachtel (1947) and McClelland (1951) have sug- 
gested, categories bound together by a common affective response 
frequently go back to early childhood and may resist conscious 
verbal insight by virtue of having been established before the full 
development of language. For categorizing activity at the preverbal 
stage appears to be predominantly nonrepresentational, depending 
not so much on the common external properties of objects as on the 
relation of things encountered to internal needs, to follow Piaget’s 
argument (1951), or, to follow SchachteTs, on idiosyncratic and 
highly personalized impressions. Dollard and Miller (1950) argue 
persuasively that much of psychotherapy consists of the verbal 
labelling and resorting of such preverbal categories, so that they 
may become more accessible to the forms of symbolic or linguistic 
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THE INVENTION OF CATEGORIES 

To one raised m Western culture, things that are treated as if they 
were equivalent seem not like man-made classes but like the products 
of nature To be sure, the defining criteria in terms of which equiva- 
lence classes are formed exist in nature as potentially discnminable 
Rocks have properties that permit us to classify them as rocks, and 
some human beings have the features that permit us to categorize 
them as handsome But there exists a near infinitude of ways of 
grouping events m terms of discnminable properties, and we avail 
ourselves of only a few of these 

Our intellectual history is marked by a heritage of naive realism 
For Newton, science was a voyage of discovery on an uncharted sea 
The objective of the voyage was to discover the islands of truth The 
truths existed in nature Contemporary science has been hard put to 
shake the yoke of this dogma Science and common sense inquiry 
alike do not discover the ways in which events are grouped in the 
world, they invent ways of grouping The test of the invention is e 
predictive benefits that result from the use of invented categories 
The revolution of modern physics is as much as anything a revolution 
against naturalistic realism in the name of a ne« nominalism Do 
such categories as tomatoes lions, snobs, atoms, and mammalia exist? 
In so far as they have been invented and found applicable to instances 
of nature, they do * They exist as inventions, not as discoveries 

Stevens (1936) sums up the contemporary nominalism m these 
terms 'Nowadays we concede that the purpose of science is to invent 
workable descriptions of the universe Workable by whom y 
We invent logical systems such as logic and mathematics wtee terms 
are used to denote discnminable aspects of nature and i ™th . these 
systems we formulate 

ol invention ,1 Iho ? " 1C p,J clinlogist, Slcmni 

• Sue Bum,! and Ma>r ( 1949) for an ciAglUcning dacunlan of U.c -.rd,,,- of 
Uit species concept in s) sltmatic zoolog) 
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to devise classes whose defining properties are not determined by the 
suitability of objects to a specific task. The emphasis of definition is 
placed more and more on the attribute properties of class members 
and less and less on "utilitanda properties," to borrow a term from 
Tolman (1932). The development of formalization is gradual. From 
“things I can drive this tent stake with" we move to the concept “ham- 
mer” and from there to “mechanical force," each step being freer of 
definition by specific use than the former. 

The development of formal categories is, of course, tantamount to 
science-making and we need not pause here to discuss this rather 
impenetrable problem. It suffices to note that formal categories and 
formal category systems appear to develop concurrently with methods 
for representing and manipulating them symbolically. What impels 
one to formalization we cannot say. That the urge is strong is un- 
questionable. Indeed, it is characteristic of highly elaborated cul- 
tures that symbolic representations of formal categories and formal 
category systems are eventually developed without reference to the 
classes of environmental events that the formal categories “stand for. 
Geometry provides a case in point, and while it is true that its original 
development was contingent upon the utilitarian triangulation systems 
used for redividing plots after floods in the Nile Valley, it is now the 
case that geometers proceed without regard for the fit of their formal 
categories to specific empirical problems. 

It is obvious that there are close relationships between affective, 
functional, and formal categories and that they are often convertible 
one into the other. About the conversion of functional categories into 
formal ones— finally rendering the category of “things good for post- 
partum mothers” such as ground bone and certain chalks into the 
formal class ‘calcium”— we have already taken some notice. It is 
interesting that the gifted mathematician often speaks of certain for- 
mal categories intenns that are also affective in nature. G. H. Hardy 
in his delightful “apology” (1940) speaks of the class of things known 
as elegant solutions and while these may have formal properties 
they axe also marked by the fact that they evoke a common affective 
response. The distinction between the three types is, we would sug- 
gest a useful one and it may well be that the process whereby they 
a * e Informatively different. It is suggestive, for example, 

rrr red P atients described by writers like Goldstein 
(1940) and Head (1926) seem quite capable of utilizing functional 
categories but are precipitated into a crisis when faced with the need 
of locating or forming or using categories divorced from the immediate 
function to be served by their exemplars. 
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misleading For the act of categorizing, operationally deEned in the 
manner discussed in the foregoing, may occur in a perceptual situation 
or one not involving the presence of stimulus objects Logically 
speaking, there is no distinction between them save m the sense that 
the materials categorized differ Categorization at the perceptual 
level consists of the process of identification, literally an act of placing 
a stimulus input by virtue of its defining attributes into a certain class 
An object of a certain color, size, shape, and texture is seen as an 
apple The act of identification involves a 'fit' between the proper- 
Ues of a stimulus input and the specifications of a category ategori 
zation of “conceptual objects’ also involves the fit of a set of objects 
or instances to the specifications of a category We categorize say, 
Whig and Tory statesmen of the first half of the 19th century in terms 
of whether each instance of the class had certain characteristics of 
allegiance, belief, etc Or wc class together all prune numbers by 
virtue of whether they meet the criterion of nondivisibility 
One of the principal differences between the forms o cato 
gonzation-the “perceptual’ on the one hand and the conceptual 
the other— is the immediacy to experience of the ^tribute bj whmh 
their fitness to a categor) is determined In the perceptual case £e 
relevant attributes are more immediately given b> 
categonal identity of an object, at least in simple perceptual « 

At the other end, the attainment of knowledge about t e att .bme 
that are relevant may require a difficult strategy o sea oh as for ex 
ample, m the field of art history when one seeks to id, ml f> a pamt g 
as, say, a Massacc .0 or a product of one of his students or as in sc aence 
when by the use of the Aschcm-Zondeh test one a«hs ‘o classify a 
woman two weeks after her last menstruation as 
Tliere are, of course, steps in between «*££ imm ed,a,c” and 
relevant cues to categorization are > n c subject, a 

m which some strategy of "‘'^^^'^“j'jcha'imr of subjects attempt 
striking experimental example being . material pre- 

,ng to^identif; tachistoscopicalK presemed materia. - 

sen ted peripheral!* or at low ilium* 

ground . n r cateconzation at the per- 

We liaxc lingered on the contmi S n f j ic jjcntitj 

ccptual and conceptual lex els not so mu differences in the 

of all categorization bchawor-for there a -« d " lt ,al cate- 
bclmior of subjects operating win con p , j, lr raturc-btit 

goncs as we can sec ,n examining '^^pmcl bs treating the 
rather to urge the imporVxncc o acb „ Uc j and in the phe- 

underlying process as common in 
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The implicit assumption tint psychological equivalence was somehow 
determined by the* similarity or ‘distinctive simdant) of environ- 
mental events is replaced by die view that psychological equivalence 
is only limited by and not determined by stimulus similarity. The 
number of ways m which an array of events can be differentiated into 
classes will vary with the ability of an organism to abstract features 
which some of the events share and others do not The features 
available on which to base such categonal differentiation, taken singly 
and m combination, are very numerous indeed As Kluvcr (1933) so 
well put it more than two decades ago, the stimulus similarity that 
serves as a basis for grouping is a selected or abstracted similarity. 
There is an act of rendering similar by a coding operation rather than 
a forcing of equivalence on the organism by the nature of stimulation 
Two consequences immediately become apparent One may ash 
first what are the preconditions— situational and in the past history of 
the organism— that lead to one kind of grouping rather than another 
The characteristic forms of coding if )ou will, now become a de- 
pendent variable worthy of study in their own right It now becomes 
a matter of interest to inquire what affects the formation of equiva- 
lence classes or systems of equivalence coding The second conse- 
quence is that one is now more tempted to ask about systematic indi- 
vidual and cultural difference m categorizing behavior In so far as 
each individual s milieu and each culture has its own vicissitudes and 
problems might one not expect that this would reflect itself in the 
characteristic ways in which members of a culture will group the 
events of their physical and social environment? And, moreover, 
since different cultures have different languages, and since these lan- 
guages code or categorize the world into different classes, might it not 
be reasonable to expect some conformance between the categories 
normally employed by speakers and those contained in the language 
they use? 

Consider now the scope of the problem, the generality of categoriz- 
ing, and the benefit to be derived from studying its various mani- 
festations } & 


THE GENERALITY OF CATEGORIZING 

The first benefit to be derived from a closer study of categorizing 
e avior is a gam in generality for psychological theory Categoriz- 
mg is so u lquitous that an understanding of its psychological nature 
6 P, ^ s ^ kght on a wide range of problems within psy- 
cholog) Host of the examples we have given thus far have, perhaps 
for simplicity s sake, been drawn from the field of perception This is 
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manner in which kin are categorized in societies with and without 
primogeniture rules, the classification of women into “sisters’ and 
“eligibles" described by Hallow ell (1951), the categorization of 
certain acts as friendly and others as hostile all of these are project- 
ions of deep cultural trends into the experience of individuals The 
principal defining attribute of an "intelligent man" for the Navaho 
is, according to one informant, a man who has seen a great many 
different things and travelled much The word yaigeh which denotes 
tlus type of intelligent man does not include a man who, say, is noted 
for Ins domestic wisdom It is difficult to determine whether there is 
a umtaiy category for "general intelligence" m Navaho The first 
category used by our informant in specifying intelligence is especia y 
interesting The Navaho were historically a nomadic people who, 
though geographically no longer mobile, continue to show a great 
interest in distant things and events * » 

The example just cited immediately suggests the controvert 
theories of Benjamin Lee Whorf (1940) and brings into .question die 
relation between the lexical categories of a language and * e cust ° 
ary cognitive categories in terms of which the spea ors o g g 
sort their worlds We shall not pause here to attempt a r« to of 
the two extreme views, the "cloak theories and the mold heones 
the one holding that language is a cloak conforming to the customary 
categories of thought of its speakers, the o er , , p 

terms of which thought categories are cast The res oluhon 
obviously have great bearing on theories of categonzingandonthe 
issues involved in unde^dmg the 
personality These are problems the rea 

appendix to fcs book preyed by Dr ^gerW° frh ° w ^ are 

fomec^ancl ^sed U are I r<ftevant r S n^^M^arrtl^I^logy 

psychology, but also to the sciences of culture, notably anthropology 

and linguistics 

THE ACHIEVEMENTS OF CATEGORIZING 

What does the act of rendering things e 9 ulvaI ™| ^hTfu ncfi onal 
organism? It is a good prehm.naiy 

query of the biologist “What is accomplished by digesnonr 

* We are greatly indebted to Professors i Evon of Navaho 

whom have discussed with us at length e c y ^ Qne 0 f t he authors 
and Zum society Professor Vogt f ^ q{ ^egoming 

0 S B ) to get some sense of the Mexlco j n the summer of 1951 
phenomena on an all too bnef visit to 1 
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nomena that he between Undoubtedly some people show prefer- 
ences for the extreme of utilizing perceptually immediate attributes in 
their categorizing while others are more “conceptual' or abstract, 
which we know from the important work of Hanfmann and Kasamn 
(1937, 1942), Goldstein and Sclieerer (1941), and others who have 
studied sorting behavior systematically Our objective is to show that 
the basic processes of categorization are the same, even though operat- 
ing under different conditions of attribute immediacy and under dif- 
ferent conditions of life history in the organism 
One final point on the relationship between conceptual and per- 
ceptual categorization is worth attention It is frequently the case 
that people develop means of altenng conceptual categories into 
categories that can be utilized with more immediate perceptual cues 
One example will suffice, one that is fairly common in the act of dif- 
ferential diagnosis in medicine It is the pride of the good diagnosti- 
cian that with practice he no longer needs elaborate laboratory tests to 
determine the nature of a patient’s syndrome, that frequently he can 
“spot” the case by the time the patient has walked across the consulta- 
tion room and taken his seat by the physician Immediate features of 
gait, complexion, posture, and the like come to serve for the act of 
categorization that had formerly to depend upon highly mediate cues 
gleaned from laboratory tests 

In the most general sense, then, any cognitive operation involving 
the grouping and regrouping of materials into equivalence classes is 
rendered more comprehensible once one has a better grasp of the 
nature of categorizing Judgment, memory, problem solving, in- 
ventive thinking, and esthetics— not to mention the more conventional 
areas of perception and concept formation— all involve such opera- 
tions 

There is a more extended sense in which categonzing is ubiquitous 
To this we turn next 


LANGUAGE, CULTURE, AND CATEGORIZING 

The categories in terms of which man sorts out and responds to the 
trorld around him reflect deeply the culture into which he a born 
■Die language, the way of life, the religion and science of a people 
all of these mold die way in which a man experiences the events out 
of which his own history is fashioned In this sense, his personal his- 
ory comes to reflect the traditions and thought ways of his culture, for 
the events that make it up are filtered through the categonal systems 
he has learned The typologies mto which kinds of people ate sorted, 
as, for example, witches and nonwitches among the Navaho, the 
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taken Such direction is even provided when we come up against 
an object or event which we cannot place with finality To the 
degree the new object has discriminate properties and these prop 
erties have been found in the past to be relevant to certain categories, 
we can make a start on the problem by a procedure of categorial 
bracketing” The object appears to be animate, what does it do if 
it is poked? It stands on two legs like a man, does it speak? Much 
of problem solving involves such repeated regrouping of an object 
until a pragmatically appropriate grouping has been found In short, 
such successive categorizing is a principal form of instrumental 
activity * 

A fifth achievement of categorizing is the opportunity it permits 
for ordering and relating classes of events For we operate, as note 
before, with category systems— classes of events that are related to 
each other m various lands of superordmate systems We map an 
give meaning to our world by relating classes of events rather than 
by relating individual events Matches/ the child learns, wi 
“cause” a set of events called fires” The meaning of each class ot 
things placed m quotation marks-matches, causes, and fires is given 
by the imbeddedness of each class m such relationship maps liie 
moment an object is placed in a category, we have opened up a 
whole vista of possibilities for ‘going beyond the category y V1 G 
of the superordmate and causal relationships linking this category 


to others , t 

In speaking of achievements we have not, perhaps, p ace ( n _ ou S 
stress on the anticipatory and exploratory nature o muc ° ° 
categorizing In the case of most categorizing, we a emp 
those defining signs that are as sure as possible as early as possib 
give identity to an event At the barest level of necessity, this rs 
essentral to life We cannot test the edibility of food y * 
and checking the consequence We must learn ways o n 

ultimate consequences by the use of pnor signs n S1 ? p or 
.sms than man one often finds that there rs a bu.lt ,n mecham mjfor 
response to such anticipatory signs The grey ag gos g. 
by Tinbergen (1948, . responds 

silhouette drawn on a wire across its pen y b ,, ^jj 

headed gull responds to a red spot on the s.de | of .^mother s taU 
with a begging response" for food and e m P ’ bon 

open hill of the young by inserting food Lash ) ^ 

(1938) of the response of cyclostoma to anticipatory g = 


* The instrumental role of categorizing is 


treated in detail in Chapter 3 
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answer provides only a prolegomenon to further inquiry, for if we 
reply, Digestion serves to convert external substances into assimilab e 
materials that can then enter into the metabolic process, the nex 
question is bound to be How is this accomplished? But the 
functional question is clearly important, for unless it is fruitfully 
posed, the later questions about ‘ how” must surely miscarry So long 
as the nervous system was conceived of as something that cooled the 
humors, it served little purpose to ask how this was accomplished 
A first achievement of categorizing has already been discussed 
By categorizing as equivalent discnmmably different events, the 
organism reduces the complexity of its environment It is reasonably 
clear “how this is accomplished It involves the abstraction and use 
of defining properties in terms of which groupings can be made and 


much will be said of these things later 

A second achievement has also been mentioned categorizing is the 
means by which the objects of the world about us are identified 
The act of identifying some thing or some event is an act of “placing” 
it in a class Identification implies that we are able to say either 
‘There is thingumbob again’ or There is another thingumbob” 
While these identifications may vary in the richness of their elabor 
ation, they are never absent A certain sound may be heard simply 
as that sound which comes from outdoors late at night ” Or it may 
be heard as those porcupines chewing on that old tree stump’ 
When an event cannot be thus categorized and identified, we experi- 
ence terror in the face of the uncanny And indeed, “the uncanny” 
is itself a category, even if only a residual one 
A third achievement, a consequence of the first, is that the establish 
ment of a category based on a set of defining attributes reduces the 
necessity of constant learning For the abstraction of defining prop 
erties makes possible future acts of categorizing without benefit of 
further learning We do not have to be taught de novo at each 
encounter that the object before us is or is not a tree If it exhibits 
the appropriate defining properties, it 4 is” a tree It is in this crucial 
aspect, as we mentioned earlier, that categorizing differs from the 
learning of fiat classes Learning by rote that a miscellany of objects 
all go by the nonsense name BLIX has no extrapolative value to new 
members of the class 

A fourth achievement inherent in the act of categorizing is the 
direction if provides for instrumental activity To know by virtue 
of discnmmablo defining attributes and without need for further 
direct test that a man is “honest or that a substance is “poison” is to 
know fn advance about appropriate and inappropriate actions to be 
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problem of "cognitive motivation” What is served by postulahng 
categorizing motives be) ond sajing such things as ‘The person strives 
to reduce the complexity of his environment,” or 'There is a drive 
to group things in terms of instrumental relevance? ’ We would 
aigue that the postulation of motives to correspond to achievements 
of functioning is an empty procedure But there are problems of 
motivation involved m categorizing behavior over and be) ond this 
level of discourse, and to these we turn next 


Tim MOTIVE TO CATECOIilZC 

There are three vv ays in winch cognitiv e motives in general may be 
conceived The first is to postulate need processes assumed to be at 
the basis of cognitive activities Bartlett ( 1932), for example, speaks 
of “effort after meaning” and Tolman (1951) of a "placing need” to 
account for the push that impels people to categorize, identify, an 
place things Hilgard (1951) postulates two goals of perception the 
goal of stability and the goal of clarity or definiteness These hike 
on the function of guiding and impelling perceptual and cognitive 
behavior One can justify the positing of such needs or goal strivings 
Only on the ground that they are frustratable, satiable, and to a 
certain degree specific with respect both to appropriate initiators 
and gratifiers The difficulty with all such conceptions to date 
whether in the general forms of ‘cognitive need or in ‘he more 
restricted form of Woodworth's will to perceive (1947), is that they 
have no specifications about the conditions that arouse e nee , 
gratify it, frustrate it, or satiate it To the extent that to. a 
such theories serve no purpose save to equate cognitive achievement 
With a motive to achieve f t, p 

We believe, however, that there are clear signs n0 ^ P theory 
psychological literature whereby it is possible o construct a tbecy 
of cognitive needs that goes beyond tins general fo ™ * ^ ^ 948 ) 
by Wyatt and Campbell (195!) and 

indicate that the presentation of objects to „? fP t,nnzin 2 or 

difficult or stiessful conditions of viewing Amalie way 8 from the 
identification behavior that varies in a ) >p] ie latter 

behavior prevailing under normal perceptua 
experiments show" that, when the completion 

blocked by the introduction of almost impo , j su b- 

the effect- is to produce ‘‘reckless” die seme Jhat abor- 

sequent opportumt.es for of „ Equate cues The 

twe identification occurs m the absen « jjj e - ,j ie pcrccner 

result, as Wyatt and Campbell point out, is to s I 
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the mobilization of stinging nettles provides an example at an even 
simpler phyletic level Anticipatory categorizing, then, provides 
‘lead time” for adjusting one’s response to objects with which one 

must cope ,, 

It is this future onented aspect of categorizing behavior in all 
organisms that impresses us most It is not simply that organisms 
code the events of their environment into equivalence classes, but 
that they utilize cues for doing so that allow an opportunity for prior 
adjustment to the event identified We are especially impressed 
with the anticipatory nature of categonzing when we consider the 
phenomenon of the * empty category ” 

This is the process whereby defining attributes are combined to 
create Active categories classes of objects that have not been encount 
ered or are clearly of a nature contrary to expectancy The empty 
category is a means whereby we go beyond the conventional group- 
ings we impose on the segments of nature we have encountered It 
is a way of going beyond the range of events one encounters to the 
sphere of the possible or even, in the phrase of the philosopher Nelson 
Goodman (1947), to the ‘counterfactual conditional”— events that 
could be but which are contrary to experience This surely is one of 
the principal functions of categorizing 
Two cases may be given to illustrate the uses of such categories in 
the cognitive economy of man One is the class of creatures known 
as centaurs, half man, half horse The other is the class of “female 
Presidents of the United States, past, present, and future ” The first 
example illustrates the use of the empty category as the currency of 
art, fantasy, and dream perhaps it is a vehicle for exploring the 
ambiguous interstices of experience The second example of an 
empty category is from the sphere of problem solving and thinking 
Hypotheses in problem solving often take the form of creating new 
categories by the combining of potential defining attributes The 
physicist says, Consider the possibility of a nuclear particle whose 
orbit is a spiral Indeed, the neutrino m nuclear physics was postu- 
ated first as an empty category on logical grounds, and only when 
appropriate measures became available was it ‘found” So too 
Neptune Working from data on the perturbation of Uranus, Bessel 
reached the conclusion that a trans-Uraman planet must exist Adams 
anU LeVcmer computed possible orbits for the as yet undiscovered 

v" ct T1 It 1 ™,° nIy then tlnt the P lanet was “found” by observation 
at the Berlin Observatory m 1846, 23 years after Bessels conclusion 
lo a certain extent, the foregoing discussion of the achievements of 
catcgonal actiuty almost precludes the necessity for discussing the 
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of tension that occurs when we cannot “place” somebody, the 
frustration we have been able to induce in subjects serving in 
tachistoscopic experiments when exposure levels were too low, the 
malaise of the trained mind faced with a seemingly causeless effect— 
a ll of these are as characteristic of frustrated cognitive activity as 
desire is of blocked sexual activity. There is also the phenomenology 
of the Eureka experience: the “Aha, Erlebnis,’ or the Thats it! 
feeling. Reports of such experiences have, of course, been used as 
a basis for inferring the presence of a generalized cognitive need, e 
it called “effort after meaning” or what not. 

We have seen our subjects going through agonies of frustration 
with difficult problems and experiencing “Eureka! when they oug 
(often wrongly) that they had found a solution, and we have 
wondered what function was served by such an affect. er aps 
none, or perhaps even our question is meaningless. We ave 
impression that such an affect provides a kind of feedback wmc 
regulates the flow of problem-solving behavior. Cognitive tr 
Aon, within tolerable limits, helps keep search-behavior going. 

insight” experience leads to new bursts of testing activity, 
completely without evidence for such assertions or even 
proposals as to how one might gather evidence. 


°N THE VALIDATION OF CATEGORIZING 

Categorizing an event as a member of a class and ther ^L^™one 
identity involves, as we have said, an act of inference. . Jn 

is Adding what the blob was that appeared for a few ml] hrs 

■' tachistoscope or what species of bird it is that we has e oi ^asic 

ained on or what Pueblo period this potsherd e cogs ’ . n r erence . 
‘ask is not only to make an inference but to make the rig ^ from 
s Ihe blob a face, the bird a scissor-tailed flycatcher, P ^ ^ no t 
ueblo II? How can we be sure? _ Let it be :dear «W 
k* n g philosophical questions. We want to , e vcnt in 

People make sure (or make surer) that they have placed an ere 

lf s proper identity niche. , hich pco ple rc- 

^here appear to be four general procedures J _ T j 10 js 
assure themselves that their categorizations are va • consistc „cy; 
i/ recourse to an ultimate criterion , the seconc js „ff rc ticc congrtt - 

third, rest hlJ consensus and the fourth, test by effect, ec 0 

cn «-. Consider each in tum. . functional caWgor)' 

Recourse to an Ultimate Criterion. A simple as color, 

Provides an example. By means of such defining p P m „sli- 

and shape, mushrooms are divisible into a class of cd 
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with an inappropriate categorization winch must then be disconfirmed 
by subsequent stimulation before pragmatically adequate, correct 
recognition can occur Here then is a first step toward specifying 
some of the elfects of frustration of a “placing need " The McGill 
studies of perceptual deprivation (Be\ton, Heron, and Scott, 19o4) 
provide another example of systematic study of the placing need 
Deprivation in the form of being barred from perceptual commerce 
with the normally rich world of objects appears to ha\ e the temporary 
effect of disrupting the smooth sequential flow of cognitive activities 
normally involved in problem solving and may indeed even disrupt 
the normal constancy processes so basic to object perception and 
object recognition In so far as studies establish the nature of 
antecedent conditions affecting the operation of cognitive needs, to 
that extent do notions about * needs for clanty and stability’ become 
theoretically viable Short of this the postulation of cognitive needs 
is little more than a restatement of the fact that cognitive activity 
achieves something for the organism 
Uudoubtedly one of the conditions affecting the manner in winch 
we categorize the objects around us is the need state of the organism 
For cognition is also instrumental activity geared to other forms of 
goal striving This is not to say that, were it not for “primary” needs 
like hunger or ‘ secondary needs like the desire for prestige, cognitive 
processes would be as idle as a lawn mower when the grass is not m 
need of cutting Perhaps the most thoroughgoing exposition of 
cognition as instrumental activity is to be found in McDougall’s 
general theory (1926), but he too had to postulate a primary need 
or propensity’ called curiosity to keep his organism from falling into 
a vegetative state m the absence of other needs Such “directive 
state theories of cognition, to use F H Allport’s term (1955), have 
recently come much into vogue in the implicit assumptions under- 
lying much of the New Look” work in perception and have clearly 
proved to be fruitful in stimulating research on the relationship 
between need states in general and perceptual selectivity But it is 
quite apparent that cognitive activity is not entirely a handmaiden 
of other drives There is some process of “decentration,” to use 
Piagets term (1951), that frees our cognitive activity from such 
domination and makes it possible for us eventually to play chess or 
be abstractly cunous without being driven to do so by hunger, 
anger, etc 

One characteristic of cognitive activity, whether at the level of 
instrumental activity or m the playful realms of chess, is that it has 
associated with it some rather unique affective states The sense 
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been so influenced by the recent war scare that they believed an attack 
by a foreign power was imminent and an invasion— whether it was 
due to the Japanese, Hitler, or Martians-was not unlikely" (Cantril, 
1940, p 191) 

Validation by consistency is perhaps nowhere better illustrated than 
m modem taxonomic research At the lowest level, so-called alpha 
taxonomy, one seeks to differentiate as many species as possible m 
terms of whatever defining properties are visible. Such a technique 
leads to vast multiplication of categories There are now about a 
third of a million species of plants, and each year about 5,000 are 
added There are about 2 million species and subspecies of animals 
and it is estimated that new ones are being added at the rate of 
10,000 per year Some estimates of the number of insect species run 
as high as 3 million (Silvestri, 1929), and given new radiological 
methods of producing mutations, the possible number of virus types 
seems almost unlimited As far as identification is concerned, the 
modern taxonomist readily agrees (Mayr, 1952) that species are not 
"discovered ' but "invented ” The principal problem of "validation” at 
this level is to establish the "existence” of a category, which means, 
essentially, that other investigators can distinguish the same grouping 
if they follow directions for finding it 

It is at the next level of taxonomy, beta taxonomy, that the criterion 
of consistency becomes critical, for now the task is to order the be- 
wildering array of species into a system of classification Whether or 
not one’s grouping of a senes of species into genera and then into a 
phylum is “valid ’ or not depends upon whether the properties of the 
grouped species are consistent with one’s conception of evolution 
The correctness of the grouping “elasmobranchs” as distinguished 
from “teleostean fishes” depends upon whether the defining morpho- 
logical properties of the two classes fit a consistent pattern of develop 
ment as formulated m evolutionary theory Teleostean fishes are 
more "evolved” or “higher than” sharks because of the consistent dif- 
ferences in skeletal system, renal system, circulatory system, etc 
What makes the classification valid is that it is explicable in terms of 
a more general theory about the changes in morphology and physiol- 
ogy that characterize the evolution of animal life If one would seek 
to establish the validity of considering a certain group of animals as 
constituting a phylum, the test would be by consistency with the re- 
quirements of the theory governing classification not only of this new 
phylum but of phyla generally 

Test by Consensus. Such categories ns " good citizen ” or "decent 
person” are often in effect consensually \aluhted Because the de- 
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rooms and a class of inedible ones A mushroom fancier, out in the 
woods picking mushrooms, must decide whether a particular mush- 
room is or is not edible To the ertent that the defining properties 
are not masked, he is able to make a preliminary categorization he 
calls it inedible If you should ask him how he can be sure, he would 
doubtless tell you that the way to be absolutely sure is to eat it If it 
makes you sick or kills you, then his categorization was "right” or 
“valid ” 

The example chosen is perhaps too simple Foi there are many 
categories where it is difficult to specify the ultimate criterion against 
which to check the adequacy of the defining attributes But the 
simplification will serve us for the while 

When recourse to an ultimate criterion for defining a category is of 
grave consequence, the culture may take it upon itself to invent labels 
or signs by which examplars of the category can be spotted m suffi- 
cient time for appropriate avoidance The custom of putting a red 
skull and crossboncs on bottles of poison, the use of red color on dan- 
gerous industrial machinery, stop signs at dangerous intersections— all 
of these are examples of the artificial creation of anticipatory defining 
attnbutes that in effect save one an encounter with a dangerous ulti- 
mate criterion 

Test by Consistency. Perhaps the simplest example one can give of 
such testing is the perception of speech One is "surer” that one 
identified a word correctly if the word fits the context of what has 
gone before Since the categorization of events usually takes place 
in a context which imposes constraints on what a particular event can 
be, there is more often than not the possibility of validation by con- 
sistency 

Some listeners to the famous Orson Welles broadcast of The War of 
the Worlds, faced with the choice of deciding whether the Martian 
invasion was real or “theatrical,” used a consistency criterion de- 
termined by the set of beliefs that had already been established in 
their past lives “We have found that many of the persons who did 
not even try to check the broadcast had preexisting mental sets that 
made the stimulus so understandable to them that they immediately 
accepted it as true Highly religious people who believed that God 
willed and controlled the destinies of man were already furnished with 
a particular standard of judgment that would make an invasion of our 
phnet and a destruction of its members an act of God ” This was 
particular!) true if the religious frame of reference was of the eschato- 
logical variety prov iding the individual with definite attitudes or be- 
liefs regarding the end of the world Other people we found had 
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by man nor by the random force of nature ” God s presence is there- 
after inferred from the experience of beauty There is buttressing 
both by consistency and by consensus, but what provides the basic 
validating criterion is the affective component m the act of cate 
gonzmg 

Such acts, because they are particularly inaccessible to disproof, are 
of special interest to the student of nonrational behavior What seems 
especially interesting about acts of categorization of this sort is that 
they seem to be inaccessible in proportion to the strength of certain 
inner need systems whose fulfillment they serve “The more basic the 
confirmation of a hypothesis is to the carrying out of goal striving 
activity, the greater will be its strength It will be more rea . iy 
aroused, more easily confirmed, less readily mfirmed, (Bruner, , 
P 127) In its most extreme pathological form, validation by a echve 
congruence makes it possible for the paranoid to construct a pseu o 
environment in which the random noises about him are categorize as 
words being spoken against him At the level of norma unctionmg, 

J t permits the acceptance of such unknowable absolutes as o 
Dignity of Man, or Hell 

LEARNING to categorize 

Much of our concern in subsequent chapters will be ' 
“attainment of concepts, the behavior involved m using e ^ 

able attributes of objects and events as a basis o an 0 £ a 

significant identity We can take as a paradigm e ^ 

young gourmet who is determined to gather his own mus ; c00 j an g 

conviction that the wild varieties are far more wor y aiin 

skills that the cultivated types available in the mar e jf he 

^ to discriminate between edible and none 1 e mus es 0 f y,. 
were really starting from scratch, he would have ^ ^anic 

formation On the one hand, he would be a e couJ( j note its 

tens tics of each mushroom or toadstool he pic e a ] s0 know 

color, shape, size, habitat, stalk height, etc e ■ w made him 

whether each mushroom, fully described a e en dow our 

dl or not when eaten For the sake of the sQ fh at he eats 

man with considerable enthusiasm and su cien s . « him to de- 
0n V a small enough portion of each mushroom ^ task is 

ternime edibihty without being killed by t e a mushrooms he tnes 
to detemune which discnminable attributes die type is 

lead with maximum certainty to the inference tn 
e ^‘ble , „ _t *he tvs o classes 

Note that our man already knows of the esis enc 
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fining properties are vague and disjunctive, there is often uncertainty 
about the status of instances In consequence, to validate our cate 
gorization of a man as a decent fellow we may turn to the cate 
gonzations made by people with whose values we identify-what a 
number of sociologists call a reference group (cf Merton and Kitt, 
1950) Under other circumstances we may turn simply to those indi 
viduals who happen to be in the immediate vicinity when a categonal 
decision must be made We see two men fighting on the street Who 
started it? we ash a man on the edge of the crowd that has collected, 
in an attempt to categorize the guilty member In deciding whether 
the Welles broadcast was real or a play, many victims were de 
termined m their categorization by the fact that others were treating 
the broadcast as news rather than entertainment ’ 

Where the placement process has marked consequences for the 
society and when the criteria to be used are ambiguous in nature, 
virtually every culture has devised a process whereby an official de 
cision can be provided In our own society, the courts and the judi 
cial process provide this means Whether or not a man is a felon is 
decided by specialists in such matters working with the guide of offi 
cial definitions embodied m a legal code Due process of law in- 
volves a careful inspection of the degree to which an individual and 
his acts fit” the defining properties of a thief or an embezzler We 
also create official definitions of a more positive type Working with 
a highly ambiguous set of standards, the French Academy makes the 
decision whether or not a given Frenchman is “an immortal ’, or a spe 
cnl body \\ eighs the scientific products of a man and decides whether 
lie should be starred m American Men of Science or be entitled to 
the distinction of wearing the initials “F R S ' after his name Estab 
lishmcnt of consensus by official action is effective to the degree that 
people \m\\ gi\c precedence to the official decisions made If valida- 
tion by either direct test, consistency, or unofficial consensus is given 
precedence, then official methods of categorizing may be at odds with 
ulnt generally prerails as categorization in a society 
Test by Affccfice Congruence While this is a special case of test 
b> consistency it merits treatment on its own It is best described as 
an act of categorizing or identifying an event that carries with it a 
Feeling of subjectn c certainty or c\ cn necessity Such subjective cer- 
tainly may also characterize an act whose validation rests on other 
forms o validating test But we refer here to the pure case the un 
justifiable intuitive leap buttressed by a sense of conviction One 
infers the existence of God for example, from the overwhelming 
btiuly of a mountain scene “Such beauty could be produced neither 
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motivational and situational, that alter the way in which the person 
searches for groupings m Ins environment? What is the relative role 
of "thinking** as compared to "external testing” m finding out what 
cues are relevant 5 What are the conflicting goals in categorial prob- 
lem-solving that force the adoption of "compromise” strategies? 
These are some of the questions to which the third chapter is ad- 
dressed The reader will find threads of game theory and the theory 
of communication m our treatment of these problems, but they are 
incidental to the general attempt to describe the systematics of cate- 
gorizing and conceptualizing 

Part II of the book, comprising five chapters, is monographic m in- 
tent In the first four chapters we describe a series of some 20 experi- 
ments on concept attainment under a variety of conditions— concept 
attainment here described as the process of learning what features of 
the environment are relevant for grouping events into externally de- 
fined classes These chapters contain applications of the theory pre- 
sented m the first part of the book to a set of richly varied empirical 
data The aim of these experiments and their discussion is not so 
much to do an exhaustive job of describing how people attain con- 
cepts as it is to describe and illustrate a general appioach to this cogni- 
tive problem In Chapter 8 an effort is made to bring together the 
theoretical issues raised in the book and to evaluate them m terms of 
experiments reported 

Part III comprises an appendix written by Dr Roger W Brown, 
applying the theory of categorizing to phenomena of psycholinguistics 
It is concerned with classical problems of language coding as well as 
with the vexing question of the role of language in the patterning of 
thought 

To the reader conversant with contemporary American psychology, 
the book will appear singularly lacking m the more familiar forms of 
theoretical discourse Neither the language of learning theory, of 
Gestalt theory, nor of psychoanalysis will be evident save in the form 
of incidental reference For our objective has not been to extend re 
inforcement theory or the theory of traces or any other prepared psy- 
chological position to the problems of categorizing We have not 
ignored the rich theoretical backgrounds of contemporary theory 
Rather, we have come gradually to the conclusion that what is most 
needed in the analysis o f categorizing phenomena-as represented by 
studies of concept attainment, generalization, and abstraction— is an 
adequate analytic description of the actual behavior that goes on 
when a person learns how to use defining cues as a basis for grouping 
the events of his environment With this objective in mind, we have 
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of mushroom m terms of the ultimate criterion of edibility He is 
seeking defining attributes that will distinguish cxcmphrs of these two 
classes In this sense, we speak of his task as one of concept attain- 
ment rather than concept foi motion If his task were that of attempt- 
ing to sort mushrooms into some meaningful set of classes, any mean- 
ingful set of classes m the interest of ordering their diversity, then we 
might more properly refer to the task as concept formation Concept 
formation is essentially the first step en route to attainment In the 
case of mushrooms, the formation of the hypothesis that some mush- 
rooms are edible and others are not is the act of forming a concept 
Attainment refers to the -process of finding predictive defining at- 
tributes that distinguish exemplars from nonexemplars of the class one 
seeks to discriminate 

There are two ways of asking questions about the searcher in this 
example of concept attainment The first asks, ‘ What is the best, the 
most rational way for him to proceed? At this level, we are dealing 
with the analysis of ideal strategies, a topic that will concern us cen- 
trally in subsequent chapters A second question is, ' How does he in 
fact proceed? The first question is, if you will, a question of the 
logic of science or of operations research and its answer will be 
based on a consideration of how the searcher for defining attributes 
can most rapidly or most safely or most stylishly or most joyfully learn 
which attributes to trust We shall ask both questions, for our in- 
terest lies in the relation between ideal performance and actual per- 
formance How one proceeds in this way will presently be told 

PLAN OF THE BOOK 

The book is divided into three sections In the first section, com- 
prising the first three chapters, including the present one, discussion 
centers on the nature of categorizing activity and its relation to infer- 
ential activity in general In Chapter 2 the nature of various psycho- 
logical and formal kinds of equivalence classes is discussed and also 
the manner in which they depend upon the utilization of cues or defin 
ing attributes that vary m vabdity and preferential value Chapter 3 
deals with the factors involved in learning how to sort the environ- 
ment into functionally significant equivalence classes How do sub- 
lets achieve, retain, and transform information useful for sueh "en- 
vironmental sorting"? How describe the sequence of acts whereby 
a person comes to know what features of the environment are relevant 
to lus categorizing objective? What kinds of contingencies does the 
person encounter in trying to “make sense” of a jumble of unsorted 
csents in lus world? What are some of the factors, informational and 
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On attributes 

and concepts 


What is it that one learns when one 
learns a "concept”? In the last chapter, we discussed the means 
whereby an individual learns to match his personal category to a cate- 
gory as it is officially or pragmatically defined and, in the course of 
this discussion, the question of validation of inference was also brought 
under examination It is necessary now to consider m more detail 
what is involved in drawing an mference from a defining attribute to 
the class membership or identity of an object What do we mean by 
attributes? What are the various forms of relationship between a 
defining attribute and a class, what are, if you will, the different ways 
in which a cue or a set of cues can signal the identity of an object? 
What makes some attributes important and others irrevelant from 
either a logical or a psychological point of view? It is with such 
problems as these that the present chapter is concerned 

attributes as signals 

In the preceding chapter much was made of the anticipatory nature 
of cognitive activity We constantly “go beyond the information 
given ” We hear a familiar voice m the passage and call out “Hello, 
Bill ” We find signs of severe confabulation in a patients thinking 
and classify him as a schizophrenic We select certain attributes and 
use them as a basis for inference What is an attribute? Boring 
(1942) puts the matter well, “A stone is shape, color, weight, and kind 
of substance in complicated relation When such descnptne ulti- 
mates are general properties which can vary continuously or dis- 
cretely, when they are, in short, parameters, the) may, if one chooses, 
be called attributes of the object described” (p 19) In tins sense, 
the “beauty” and the “throw ability” of the stone are as much attributes 
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also made no attempt to give a s) stematic review of the literature of 
concept formation and generalization, a decision made much easier by 
the recent appearance of reviews by Vmacke (1951, 1952), Johnson 
(1955), Leeper (1951), and Humphrey (3951) We have benefited 
from these excellent synoptic accounts and been encouraged by them 
to move in the direction of a more analytic approach 
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exemplars of a class The problems involved here are the same as 
those involved in the formation of a so called generalization gradient 
One of the training conditions is the nature of the discrimination prac- 
tice given to the individual Take our example if a person were 
trained to discriminate oranges from nonoranges with all die instances 
of the fruit at a middle orange (as this is defined m our color nomen- 
clature) and with the nonexemplars varying all over the color con- 
tinuum, then the range of acceptable colors of oranges would be small 
If learning were such that exemplars varied within a wide range from 
yellow-orange to orange red, then the range would be larger These 
are fairly obvious matters at a common sense level, although it would 
be helpful indeed if there were corroborative research available to 
check All that can be said with any degree of assurance is that the 
range of positive defining values of an attribute used by a person m 
making inferences will reflect the range on which he obtained dis- 
crimination training 

Two tilings are known, neither with elaboration, about the effects of 
learning to categorize with few as compared with many variations in 
the positive values of a defining attribute The first is that it is more 
difficult to learn to categorize when such variations are present during 
learning (eg, Wolfle, 1936 and Grether and Wolfle, 1936) In the 
Grether and Wolfle study, for example, the speed of learning a bright- 
ness discrimination was greater for rats who were not exposed to 
variations in the brightness of the stimuli The second finding re 
ported by Luborsky (1945), is that training with variation in the ex- 
emplars encountered leads to a broader range of values being ac 
ceptable Learning to identify a type of aircraft by exposure to five 
different training silhouettes leads to readier recognition of new sil 
houettes of this type of plane than does training on but three kinds 
of silhouettes This finding indeed suggests the range broadening 
effect of variability in values during training Wolfle (1936) suggests 
that for purposes of training efficiency it is best to employ variation in 
values during categorization training ‘The optimal range of varia- 
tion to employ during training is unknown, but well worth investigat- 
ing Until experimental results provide information, it is probably 
safe to advise variation over a major portion— but not over the entire 
extent nor at every point within it— of the range within which gen 
erahzation is desired (p 1274) 

A second factor is the number of categonal discriminations the in- 
dividual must make on the basis of variations in an attributes values 
If, for example the color continuum from jellow tlirough red had to 
be used for making several categonal discnminahons-distinguishing 
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as are its weight and size An attribute, in brief, is any discrimmable 
feature of an event that is susceptible of some discrimmable variation 
from event to event Indeed, if it did not vary it would very likely 
not be discrimmable m any case— ‘the fish will be the last to discover 
water ” 

When some discrimmable feature of the environment is used as a 
basis for going beyond* by inference, it serves as a signal When 
such a discrimmable feature is used as a means of inferring the iden- 
tity of something, we speak of it as a criteria l attribute, a term about 
which much more will be said later Let it be clear that any attribute 
‘varying continuously or discretely from event to event can be used 
as a criterial attribute in this sense 


When we say that any attribute may vary, we imply that any at- 
tribute represents a dimension along which one may specify values 
The attribute of color may be represented by the values red, violet, 
blue green, etc , and there are continuous gradations along it Other 
attributes those that vary discretely, have no such continuity The 
simplest discrete attribute dimension is, of course, a binary one and 
this type is very common A woman is married or not married, she is 
dead or alive, and m the eyes of the law she is sane or not sane A 


young man is or is not a member of this college, he is or is not on the 
Deans List he is legally m good standing or not in good standing 
There are special problems involved in utilizing attributes of either 
the discrete or continuous variety and these will concern us betimes 
For the moment all that need be considered is that so long as an at- 
tribute has more than a single value it can serve in a criterial status 
an object that exhibits one value (a positive value) may be a member 
of one equivalence category, an object exhibiting a second value (a 
ncgaftuc value e g the absence of the first one) may not belong 

Now it is also the case that a range of values may serve to define 
exemphrs of a category For example one of the defining attributes 
o e ruit orange is color, and the positive value of the attribute is 
a range of colors from orange yellow through red orange There are 
many discrimmable hues that are ‘acceptable* as signals that the 
round object before one is an orange and is thus discrimmable from 
such other classes of things as lemons and grapefruits The width of 
the range of positive values of an attribute that an individual will 
accept as a basts for categorization is determined by several factors 
and no discussion of the nature of attributes as signals is complete 
without consideration of these 

The first of these factors is the conditions under which the person 
learned to utilize the attribute in discriminating exemplars from non- 
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clature in different cultures knows the extraordinary variability in the 
width of such color categories as “blue” and “green ” For a more 
extended discussion of cultural factors, the reader may turn to the 
appendix 

One cannot think long about the problem of acceptable attribute 
ranges without considering the important related problem of the 
nature of the transition in attribute values as one moves from ex- 
emplars to nonexemplars of a class There are some categories where 
the defining attributes as officially stated are highly precise Those 
who arc eligible for being called for selective service must, in terms 
of the defining attribute of age, be at least 18 years of age, and the 
18th birthday is the sharp cutting point But what is accepted as the 
cutting point between “adolescent" and "adult ? The defining at- 
tribute of age in such a case is divided into positive and negative 
values by a fuzzy band and the most appropriate answer we can give 
to the question “Is this 19-year-old an adolescent? is Maybe he is 
or maybe he isn’t ” So too with the category of colors to be called 
“red’ and the class of human beings called “good athletes the de- 
fining attributes that discriminate them from other categories have 
fuzzy transition zones Lenneberg (1955) has suggested that one of 
the reasons children have such difficulty m learning to apply color 
names correctly lies in these transition zones And Frenkel-Brunswik 
( 1949 ) cites research indicating that the ethnocentric personality has 
difficulties in changing his categorization under conditions where at 
tribute values are changing from a positive to a negative value grad- 
ually The stimulus array was a series of pictures of a dog gradually 
changing into a cat ‘ The prejudiced group tended to hold on longer 
to the first object and to respond more slowly to the changing stimuli 
There was greater reluctance to give up the original object about 
which one had felt relatively certain and a tendency not to see what 
did not harmonize with the first set as well as shying away from tran- 
sitional solutions” (p 128) This is one aspect, of course, of what 
Frenkel Brunswik calls “intolerance of ambiguity” In Chapter 7 we 
shall have occasion to look again at the manner in which the objec- 
tives of one’s categorizing efforts affect the handling of fuzzy transi- 
tions m defining attributes 

What needs saying in conclusion is, simply, that very little is known 
about the conditions that lead certain people to adopt relatn e\y large 
or relatively small ranges of values indicative of the identity of ob- 
jects What is abundantly clear to those who have scanned the 
psychological literature for material relevant to the problem is that the 
present literature on stimulus generalization and equnalcncc-thc 
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the peels of lemons, tangerines, navel oranges, Temple oranges, hum 
quats, etc —the range of admissible colors for any one of the categories 
would very likely narrow down Everything we know abovrt the 
method of single stimuli in psychophysics points to this type of nar- 
rowing” as a function of the requirements of discrimination 
sample weights in the range from 50 to 150 grams have to be judge 
in terms of “heavy,” “medium,” and “light,” the middle category wi 
be broader than if the subject is required to use five categories of dis- 
crimination “very heavy,” “moderately heavy,’ “medium, mod- 
erately light,’ and "very light” 

The range of acceptable or positive attribute values varies as a func- 
tion of stage of category learning Evidence of stimulus generaliza- 
tion based on original training with a single value stimulus, such as a 
dog learning to anticipate the coming of food upon the presentation 
of a signal, indicates that early in learning a broader generalization 
range prevails than later in the training (Beritoff, 1924) 

There are other factors besides learning conditions which affect the 
range of attribute values that an individual will regard as criterial of 
a given category One of these seems to be something of a persono- 
logical order An unpublished experiment by Bruner and Rodrigues 
in 1951 serves as an illustration A group of 40 subjects were set the 
task of adjusting the values of various attributes with the instruction 
that, for example, they indicate on an oscillator the highest pitch of a 
female singing voice they would be likely to encounter, the lowest 
pitch, and the “average’ pitch They were then asked to do this for 
a series of other categories The brightest, average, and darkest color 
of an overcast sky, the reddest, most average, and yellowest orange 
(fruit), the longest, most average, and shortest dog, the highest, most 
average, and lowest male singing voice, the tallest, most average, and 
shortest normal man, etc Seven such tasks were given After con- 
version of each of the attributes into subjective scale units (eg, the 
mcl scale for pitch), the value ranges employed by each subject (the 
number of scale units between “highest” and ‘lowest’ setting) were 
rank-ordered for "the subjects It was found that subjects were con- 
sistent m width of their ranges from tash to task as indicated by a 
measure of concordance (Kendalls measure, W) Rather interest- 
ingly, the “range consistency” of subjects tended to be more striking 
when those attributes with which the subjects had most experience 
were not included Pettigrew (1955) has shown similar results using 
a paper and pencil version of this procedure 

T mall) , cultural usage is obviously a factor determining ranges of 
attribute values Whoever has troubled to examine color nomen- 
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attaining veridical perception, as when one must recognize correctly 
what is being presented in a tachistoscope, the problem is the same 
And indeed, if one looks at scientific endeavor, the object there is still 
the same to utilize defining attributes that predict with maximal cor- 
rectness certain classes of consequent events to predict, for example, 
that a class of behavior known and agreed upon as “extinction” will 
occur when certain antecedent attributes have been present, such as 
the withholding of “reinforcements ” Wherever an individual must 
adjust to the categories held by others or specified by code, or wher- 
ever an individual must make his categorial discriminations conform 
to a pragmatic criterion as in discriminating edible from nonedible 
mushrooms, it is necessary to make a distinction between defining and 
cntenal attributes and to examine the degree to which the two con 
form 

A general definition of what is meant by a criterial attribute of a 
given concept or category is readily stated Take the category of 
tilings called “apples” by some particular person We are interested 
in those attributes that affect the probability of our person calling an 
object an apple For simplicity s sake we will give our person only 
visual access to the objects we will place before him It is fairly 
likely that such things as color, size texture, and shape will affect the 
likelihood of any object being called an apple But the matter can 
be put more precisely than this In so far as changes in the values 
of any particular attribute do not produce changes in the probability 
of the object being called an apple, we call that attribute noncntenal 
Any attribute which when changed m value alters the likelihood of 
an object being categorized m a certain way is, therefore, a cntenal 
attribute for the person doing the categorizing Obviously the extent 
to which an attribute’s values affect the likelihood of categorization is 
a measure of its degree of cntenality Conceive, for example, of an 
attribute with two values When one value is present, an object ex- 
hibiting it is called ‘X with a probability of 10, when the other 
value is present, the probability drops to 0 0 This is an oversimpli- 
fication, but it serves to illustrate what is meant by maximum critenal- 
tty Zero cntenality is the case m which there is no difference in 
likelihood of categorization m the presence of the two attnbute values 

Much the same sort of thing can be said about the nature of a de- 
fining attribute, save for the fact that one is not concerned with the 
categorizations of a particular person or of a sample of persons chosen 
randomly Rather, the categorizing decision which interests us in tins 
case is that provided b) * official sources The degree of defimngness 
of an attribute can be stated as the extent to which a change m at- 
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closest approaches to the matter— is not sufficient to our needs The 
investigation of attribute ranges m categorizing requires more elab- 
orated paradigms than that provided by the simple generalization 
study which seeks to answer the question, ‘ Given positive training on 
one value of an attribute, how many other values will elicit the same 
response and with what frequency or amplitude? ’ 


DEFINING AND CR1TERIAL ATTRIBUTES 
There are two ways m which the signalling value of attributes can 
be specified One of them is m terms of an external statement of 
the defining properties of a class as given by a legal code, by scientific 
convention, or by the statement of the degree of correlation between 
an attribute and an ultimate criterion There is an official definition 
of a felon, for example, and this definition provides the defining at- 
tributes of those who are to be included in the class The official 
definition may not be in accord with the definition as employed by a 
particular individual On a particular type of highway, one official 
defining attribute of “safe driving’ may be speed, the appropriate 
value range being any speed up to and including 50 miles an hour 
For a particular driver, unconstrained by the presence of highway 
police, the .cntenal attribute of the class of activity called “safe dnv- 
mg may be whether or not the car ‘feels ' under control Learning 
of orZ n r the pr0< f SS of ' socia Uzation” involves the matching 
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oddness evenness got to be a critical attribute for the categorization 
of primeness is a concern of psychologists Why primeness is mathe 
matically defined as it is is leferablc only to the field of mathematics 
or to its history 


THE DEFININGNESS OR VALIDITY OF ATTRIBUTES 

Tolman and Brunswik (1935) speak of the “causal texture of the 
environment” to refer to the probability with which cues or signals 
point to their referents A black door m a discrimination apparatus 
“leads to” food with a probability of 1 0, to take an example Informa- 
tion tlieonsts speak of causal texture as the redundancy of an input and 
speak of the transitional or contingent probability that characterizes 
the occurrence of two stimulus events (eg, Miller, 19o3) It is this 
“causal texture” that must be learned and dealt with when a person 
masters a task of categonzmg in which the identity of an object or 
event is inferred from some of its attributes Since we shall be deeply 
involved later in examining the process by which people do indeed 
learn such relations, we must consider here the nature of causal tex- 


ture t t 

Consider the relationships that can hold between a single two value 
attribute exhibited by an array of instances and the class membership 
of the instances For illustration, the attribute w. l be body tempera 

ture its two values being “normal' and abnormal To what extent 

does' abnormal body temperature indicate the P rese ™° <*■ “ 
disease ( and let us assume that there is a simple method of fishing 
whether or not an individual has an infectious disease) More prop- 
erly, te should ask to what extent does body temperature permit an 
inference of the presence or absence of an infectious dlse ^ 

The simplest case is one that may be represented m a fourfold table 

as follows 

Temperature 
Abnormal Normal 


Present 

50 

0 

Disease | 

Absent 

0 

| 50 


. r that the 50 cases wnn nuima* 

Assuming for a mo.ncnt tMt t , aUon from whlc h they are 

comprise an adequate “ m P le , 1 ‘ thcn f our s , m ple inferences 

Irawn and so too the 50 abnormal cases, 


are possible 

a When temperature is 
b When temperature is 
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tribute value alters the likelihood o£ the “code book” classifying an 
object as belonging or not belonging in a class. The legal case is 
perhaps the most clear-cut. There are certain defining attributes of 
the legal class "citizen of the United States” and alterations along 
any of these attribute dimensions drastically affect whether or not a 
person is so considered in a court of law. But let it be said imme- 
diately that the legal case is seldom as clear as this, and definitions 
depending on either consensus or upon some ultimate pragmatic con- 
sequence virtually never are. If we take the “community definition” 
of a good family man” we will find that attributes also vary in their 
degree of definingness. Obviously the attribute “goodness as a pro- 
vider will be consensually defining in terms of altering the likelihood 
of a man being included in the class. But in certain groups it will 
very likely not affect consensual categorization as much as the at- 
tribute marital fidelity. So too with pragmatic consequence as a 
basis of definition. Take the earlier example of the mushroom. By 
careful sampling, we may find that a certain color range predicts with 
a probability of 0.6 that mushrooms exhibiting a color within the 
range arc in the edible class. Colors outside the range indicate edi- 
bility with a probability of only 0.2. Such an attribute would be 
considered more defining than, let us say, the presence of single 
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All that differs about this mixed case is that now abnormal tempera- 
ture implies disease with certainty, again assuming that one is not 
interested m the “typhoid Marys” who are temperature free but are 
also afflicted with disease 

Finally there is the case in which all inferences are suggestive and 
nothing is implied with certainty 

Temperature 
Abnormal Normal 

Disease 

One cannot make inferences from temperature to disease with cer- 
tainty nor from disease to temperature with certainty This is the 
“probabilistic case ” , . 

In sum, then, there are three forms of “causal' relationship between 
defining attributes and category membership, and in all of them it is 
possible to use either cues or labels as bases of inference the cer- 
tainty, mixed, and probabilistic cases The great psychological ques- 
tion is the learning or utilization of these relationships 



DETERMINANTS OF ATTRIBUTE CRITERIALITY 

Cntenality, as we have said, is the extent to which an individual 
uses the different values of an attribute for inferring the identity of 
objects exhibiting these values A moments reflects w 11 make ^t 
clear that cues do not achieve cntenality simply on the baWto 
goodness or validity for prediction For example, if excel tent : course 
grades predict that a candidate will have ai successful 
fate school in 80% of cases encountered and not 

to a successful career only 40% of the time, we may m 
to take this attribute as completely cntenal an P 

what we shall later call a ' 100 0 fashion All ^enb vn* «cellent 

grades are admitted and none ^ C ^f grades as an attribute 

than excellent In such a case, the ty ^ validity We had 

is higher than their defining value or ° ‘ . “nonrationar until 
best reserve the question t ] nt there are factors other 

later chapters The example m ^ t0 a cue becoming 

than sheer validity or ‘ dcfiningness C onsl jer now some of the 

highl) cntenal ,n categorizing behavior Consider 
dctcrmin nits of cntcrnl.ty or degree ° “ 1 ‘ f the organism, be it 
The first of these is, of course, tne cipuc > 
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c When disease is known to be present, temperature will be abnormal 
d When disease is known to be absent, temperature will be normal 

The first two of these inferences refer to the ecological validity of the 
cue of body tempeiature for making inferences about disease The 
last two refer to the ecological validity of the label— “health” or “dis- 
ease —in making inferences about the state of body temperature 
When each of the four inferences is certain, we shall call it a “cer- 
tainty case” 

It is of course apparent that Nature rarely provides such comforting 
certainties More often, to use the phrase of Lord Keynes (1921), 
one must resolve “matters of opinion” and it is for such resolutions that 
the theory of probability has been constructed For the inferential 
value or validity of both cues and labels is more frequently than not 
probabilistic Consider a second possible arrangement of the relations 
between cues and referents, a ‘ mixed case ” Again 50 cases of normal 
and 50 cases of abnormal temperature are studied 


Temperature 
Abnormal Normal 


Disease 


Present 

40 

0 

Absent 

10 

50 


Two of the possible inferences arc certain, two are probabilistic 


h w!' Cn * cm P erature ls abnormal, disease may or may not be present 
"l"" ^mperature !s normal, disease is absent 
S ™ , ' 1!e ,s V 10 "'" 10 b« present, temperature will be abnormal 

be normal ^ ” ^ n °" n to 50 a hsent, temperature may or may not 

Now, if a given individual were interested in finding a diagnostic sign 

1 , - ^normal temperature would only be a probabilrst.c one 

't* •“ dl *™c free people easily and qmcUy, normal 

naTsmn m .1 „ f T t0 1 “»-pn».ded he did not mind 

There is a ' 1SC \ SC rcc P C0 Pfc who were running temperatures 
to U e climna ' > 'l7 P \' 0 ''" S m,SCl1 ™ that wouldbc more useful 
i" „ mZI ’ “ " fo ™% ‘o the foregoing It 


Temperature 
Abnormal Normal 


Di-evo 

Present 

50 

30 


Alrtent 

0 

20 
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tively anechoic and noiseless laboratory situation as in the well known 
experiments of Stevens (1934) 

Conservation of time and energy, achieving maximum accuracy, and 
maximizing the general value of an outcome are only a few o t ie 
kmds of factors that may enter into determining the objectives of a 
person faced with a categorizing decision In the following chapter, 
more will be said about the role of objectives Our aim iere 35 
been merely to introduce the matter as one of the factors influencing 
the degree to which a particular attribute will be utilized y an me i 
vidual faced with a categorizing decision , r 

Over and beyond the ecological validity of cues an t e nee 
adjusting to the requirements of a categorizing situation there 
actors of structure and morphology that are likely to m uen ^ 
degree to which an organism will utilize a cue in is reac 1 
the simplest level, one finds examples of preference in cue u 
that are either innate or are developed so early in t e orga 
as *° be indistinguishable from innate preferences r 

That cue-utilization preferences may be innate, par ICU studies 

"ganisms, is amply demonstrated in the brilliant observahonal^stu 

“Bergen (1&>, Loren, ( 1952 ) and the 
servations on the strongly fixed preference of t0 tes t or 

0r kinesthetic cues and on the virtual inability o t us sp t0 

? ntihze directional cues given by distance recep ors Rosenz 

e env ironment serves as an illustration The "'or ' ° visua l cues 
Wei g and Bennett (1955) on preference for kmesthe 1 has pr0 - 
m maze learning is another example E D " an i^g^nt sen 
P°sed that cortical specialization for the Integra ion ^ different 
* 0r y cues varies as a function of preferentia use o es jn t i, e 

Pecies Using a technique of electrical mapping o ^ finds, f° r 
° rtex subsequent to stimulating different recep » corllca i cells 
Sample, that man has a relatively high prop or ^ tint dogs 

&>ven over to the integration of visual and au 1 olfactor) cues, 
a. more marked specialization for den mg a r emnrknbl> 

n a t an even more specialized level the P^^ vin g stimulation of 


^jespread e ^ ec * nca ^ activity in the cortex 


o receptors on the snout , nrauire a hierarch) 

ore is also evidence, of course, that anlI ^ a j ns SU ccinctl) d c * 
' ^ Ue Preference— what Lawrence (1949, Making a cuC rC <> 

^ the “acquired distinctiveness of cues ^ ^ me <I out 
1. In 0ne situation increases the hkchhoo .. n t,on Lawrence 
and USGd lf prior use, an 


shown that cues acquire this distinctiveness 
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rat (eg, Brunswik, 1939) or human (eg, Goodnow, 1955), to register 
upon and learn to utilize the actual probability of connection between 
events in the environment The complexities of such learning are re- 
served for Chapter 7 It need only be remarked here that most higher 
organisms are highly sensitive to changes in the probability relations in 
their environment and will tend to use any cue that does better than 
chance 

But how great a reliance will be placed on a probabilistic cue— how 
often it will be utilized for making a particular categorization — is de- 
termined by additional considerations to the goodness of the cues 
The most important and general of these is what we shall call the 
objectives of the persons categorizing decision These may be varied 
to save time, to be maximally correct, to conserve energy, to minimize 
the number of errors, to delay making a decision until the full evi- 

ence is available, to make a decision on the minimum evidence 
feasible, etc 


Where categorization must be done under time pressure or in a 
manner to conserve energy, immediately available cues will become 
more criteria! utilized more m making categorizations Working in 
F^re of the induction center during the Second World War, 
psychiatrists charged with the task of “screening” inductees (cate- 
andmnrp 161 " fit and mentally unfit) came to rely more 

not so' Unme *?* ly 0bt ™“ bk ‘"formation wh.ch, were tone 

bed as a I S- Tt J"* Ulll ‘ Zed leSS fceely '' D ‘ d y™ wet your 
i g V mforn f‘°" quickly and it is information that 
LTnatbl.Ue! malad I us "-"‘ But its ecological validity 

pressing crisis •' C ^ V msufHcient >° J us hfy its cntenality m a less 

he^hfadTorifc 1 " 6 ' ”7'""^ Wth a ** -curacy, may 

abfctol^„r, n S Ce ° r ull ' zln s attributes which are the least 

s,ori,on r ror the tonai 

attributes in identifying sounds than™ ° ften teSted 3S deflnlng 
of the former pair of aftritaes Ire disc" Z ^ ^ 

noise encountered in the environaicat ' “ d>e , usuaI amb!ent 
more subject to mashing, interference ml l"? 6 a " d denslty may be 
used aresie to attendmi! to this nni ' ‘ " d dl!, ° rtlon Indeed, so un- 
nttnbiitcs that subjects must be L, 2 lVmV' 5Cr ‘ minable pairof tonal 
— . ‘ g t to discriminate them in a rela- 

-7, d r- ° f —* - 

luulvdy for a general preference for * n Heidbrcrlcr (1015) argues per- 
apprehended (l&tS) ,uch nn he directly and perceptually 
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ployed Distribution of feathers, coloring, wing barring, and other 
such features were the conventional diacritica There was an invest- 
ment in them they had proved useful and stable So long as ducks 
showed the common morphology and a few simple behavioral signs 
( mode of take off, feeding, etc ) they were grouped together Ipso 
facto such features had high criteriahty and were the ones that would 
be tested in the eternal search for new species Most ornithologists 
of a generation ago would have scoffed at the suggestion that further 
differentiation of species categories could be achieved by a close study 
of the courting, nesting, and young care patterns of ducks Today, 
under the impact of work by Lorenz (1952), Mayr ( 1955), and others, 
instinctive behavior patterns have achieved the status of ‘ official de- 
fining attributes As a result, they also have achieved far greater 
criteriahty in influencing the tentative categorizations of taxonomists 
in search of new species For they turn out to have the systematic 
differentiating property that predisposes the orderly taxonomist m 
their favor 

It is not only the orderly taxonomist who is predisposed to utilize 
attributes that have "systematic status' Verisimilitude is a weak 
form of systematic status, the attribute that has face validity is one 
which fits in with our other knowledge In the Brunswik and Reiter 
(1938) study, for example, height of brow is a highly criteria! cue for 
judging intelligence This is an attribute tint makes sense, that fats 
with all we know or feel about the relevance of the brain to intel- 
ligence Red hair as a sign of temperament, size as an indicator of 
strength— these are attributes which often acquire by virtue o ven 
similitude a criteriahty over and beyond their ecologica va i lty 

To pursue the problem of why some stimulus properties rather than 
others are impressive and more preferred as bases o grouping 
world would get one deep into the psychology o perception 
Kohler (1947) has persuasively argued, we do well to begin wi > 
visual world as we find it-n world of objects and things Onr p - 
mary concern is not with what it .s about an attribute which lead to 
its being more cmdnnghch than others but wit 1 tie j 

such » nmnerh, affects utilization of the attribute in catcgornl 


such a property affects utilization 

Finally evidence is beginning to accumulate on one ^ j t 

JL tii a for various attributes in categorizing it 


bears upon the preference for various 0 f dist.no 


is the linguistic codability of attributes coda- 

toons among the values of an attribute First as o » ^ Ent r. 

bihty of an attribute as such There ousts m — 
lish no single term for describing the dcns.tj of a tone as dcm.tj 
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common sense observation as well as the history of science lend weight 
to this finding It is a commonplace that men can be trained to utilize 
cues seldom otherwise used in “piercing” the mask of camouflage in 
aerial photographs taken for military purposes Or compare in 
zoological classification the difference between Cuvier, who, with a 
background of major interest in anatomy, suggested classification on 
the basis of structure, and Von Baer, whose proposal to classify on a 
developmental basis reflected his background of genetics 
The examples of Cuvier and Von Bair suggest that as a result 
of past experience some attributes acquire criteriality by virtue 
of ‘systematic status’ To understand the manner in which people 
come to utilize cues out of systematic preference requires a brief 
digression into the nature of category systems We illustrate by 
taking the concept “man” homo sapiens What are the diaGritica of 
man, the distinguishing features that differentiate him' 1 Whether one 
asks this question from the point of view of “official * defining attributes 
or from the point of view of the cnterial attributes that any given 
person would use, the question cannot be answered unless one speci- 
fies the nature of the discrimination that must be made If one is 


seeking to isolate the distinguishing features that differentiate man 
from all those things that can be grouped as nonman, one set of dif- 
ferentiating features will be most useful This we may refer to as the 
A versus not-A case But suppose the task is to differentiate man 
from anthropoid apes, then another set of attributes would be more 
relevant Here we are dealing with the “A versus B case The third 
case is provided by the systematic task of ordering or arranging all 
species of organism into a set of classes, one of which is man In this 
case, one seeks a set of differentiating characteristics that will not only 
istinguisli man from apes but which may also serve to distinguish 
w a cs rom fish, arachnids from insects, and even homo sapiens from 
p 1 1 ccant iropus credits For the object of systematic categorization 
as compared with ad hoc categorizing is that one seeks to find a mini- 
mum set o reliable attributes capable of guiding one to a series of 
categorizing decisions about many forms of identity 
When one is wedded to a set of defining attributes that have been 
!?* U m , C ° ut an exhaustive task of categorizing many classes, 
the attributes that lme proxed useful ,n handlmg part of the array of 
categories w ill be preferred for handling the rest of the array Con- 
emporar) icxcopmcnts in morphology provide a striking example 
f JT* m n uccn t aears been much new taxonomic work on surface 

Tf dnC V *° " 0rM °' er Up to the fairly recent past, 
the usual morphological differentiating features in tins work were cm- 
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ployed Distribution of featheis, coloring, wing birring, and other 
such features were the conventional diacutica There was an invest 
ment in them they had proved useful and stable So Jong as ducks 
showed the common morphology and a few simple behavioral signs 
(mode of take-off, feeding, etc ) they were grouped together Ipso 
facto such features had high cntenality and were the ones that would 
be tested m the eternal search for new species Most ornithologists 
of a generation ago would have scoffed at the suggestion that further 
differentiation of species categories could be achieved by a close study 
of the courting, nesting, and young care patterns of ducks Today, 
under the impact of work by Lorenz (1952), Mayr ( 1955), and others, 
instinctive behavior patterns have achieved the status of official de- 
fining attributes As a result, they also have achieved far greater 
cntenality in influencing the tentative categorizations of taxonomists 
in search of new species For they turn out to have the systematic 
differentiating property that predisposes the orderly taxonomist m 

their favor , 

It is not only the orderly taxonomist who is predisposed to utilize 
attributes that have “systematic status” Verisimilitude is a weak 
form of systematic status, the attribute that has face va i it) is one 
which fits m with our other knowledge In the BmnswiL and Reiter 
(1938) study, for example, height of brow .s a highly cr.ter.al cue for 
judging intelligence This is an attribute tint makes sense, that fi s 
with all we know or feel about the relevance of the bran, .to intel- 
ligence Red hair as a sign of temperament, size as an md.cntor of 
strength— these are attributes which often acquire by virtue of veri- 
similitude a cntenality over and beyond their ecology > 

To pursue the problem of why “"the 
others are impressive and mor p . f er b ct , ptl0 n As 

world would get one deep do !4ll to beg, n w.,1. the 

Kohler (1947) h “ P"a wmW ot objects and thing! Our pn- 
visual world as we fin “ B about „„ attribute which leads to 

concern 15 jZld, than others but anti, the way in wind, 
its being more emdrmghch attnbute ,n categonal 

such a property affects utilization 

decisions accumulate on one other factor that 

Finally evidence is beginn f v a j loll5 attributes in categorizing It 
bears upon the P rcfcrenc , attri b,.tcs and the codability of distinc- 
is the linguistic codability ‘ . (c nrst as to t Iic linguistic coda- 

tions among the values ot an . ^ cxlsts in aommonl) spoken Eng- 

bility of an attribute as , density „f a tone as density has 

lisli no single term for dcscnl..n 0 
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been described by Stevens ( 1934) It is conceivable that there could 
be a linguistic community in which the specific term ‘ density existed 
outside the technical circle of acousticians and tint it referred to the 
same attribute as the one isolated by Stevens The difference be- 
tween this community and the English speaking community would 
not be in terms of the capacity to discriminate density from other 
attributes Peoples who have but one word for green and blue are 
capable of discriminating the difference between the two hues, so 
that capacity is not in question Indeed, it would also be possible to 
describe linguistically what is denoted by the word ‘ density ’ in Eng- 
lish, although it might be necessary to use a paragraph of connotative 
or metaphorical prose in doing so The difference would lie, most 
probably, in the habitual tendency to use the attribute in making 
everyday discriminations and m searching out defining attributes 
We have perhaps been somewhat unsystematic in describing the 
various factors that may lead an individual to prefer to utilize certain 
cues in making categonal and other kinds of inference for the subject 
is one that is too little explored to lend itself to ready ordering The 
“rational’ validity of cues, the requirements of the situation, certain 
forms of innate and acquired cue preference hierarchies, systematic 
preference, and linguistic cod ability are all in need of further study as 
determinants of criteriahty One rather introspective point serves to 
conclude the discussion However acquired, cue preference seems to 
be accompanied by certain subjective states often enough reported 
to m arrant a word here To use the term originally employed by Katz 
(1935) to characterize the ‘impressiveness’ of colors, preferred cues 
seem to take on an cindringhch quality They ‘look’ right and they 
look more impressive In concept attainment experiments using such 
meaningless attributes as color, shape, etc , the attribute values that 
c\ entuall) turn out to he defining of the correct concept seem to take 
on an Tmpressne” or figural property while the others seem to “re- 
cede in figural \aluc When meaningful materials are used as in- 
stances, faces var) mg in certain features or airplane silhouettes differ- 
ing in \\ing tail, and engine construction, certain properties— the 
human forehead, for example, and also the wings of the airplanes-ap- 
pcar to be more impressn e c\ cn at the outset and before the concept 
has been attained Anal) sis of cue preference in these latter expen 
merits indicates that subjects utilize these “impressive* cues more than 
their ecological x alidit) xx arrants Wc do not pretend to know what 
these subject c changes m the appearance of attributes “mean” or 
whether tlic> can be conceded of as an> thing more than the resultant 
of other processes, >ct no account of the factors producing increased 
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utilization of cues for inference can be complete without some mention 
of this interesting and admittedly puzzling introspective datum 

CATEGORY TYPES. CONJUNCTIVE, DISJUNCTIVE, AND RELATIONAL 
It is usually the case for one to infer identity or some other sigmfi- 
cate not from a single attribute exhibited by an instance but from 
several attributes taken together That is to say, we do not attempt to 
infer illness only from abnormal body temperature, but from a whole 
set of clinical signs taken in combination The question of how at 
tributes or cues are combined for making inferences now concerns us 
The principal distinction we wish to make is between conjunctive, dis- 
junctive, and relational concepts, each involving a different mode of 
combining attributes 

To render more concrete the description of types of categories, we 
refer to the array of instances contained m Figure 1 Each instance 
is made up of figures and borders The figures vary in shape (square, 
circle, or cross), in color (red, green, or black) and ,n numb« (single, 

double, or tuple) The borders vary in number (one, two, or t ) 

Thus, the instances comprise the combinations of four att " but “ eac f 
with three values Each instance in the array exhibhs one value of 

appropriate value of severaI a ‘ d d E the conjunct, on of three 

“ the — 6 S ” all cards containing t'hree red circles 

figures, redness, and circles ’ nre to be f oun d the figure All 
Three exemplars of _ this ca 8 ^^ents on concept attainment deal 
others fail to qualify “ P and proce dures such as the Vigotsky 

with such conjunctive cat g ■ P est are based on them as well 

Test and the Wisconsin C ,flustrated by that class of cards in 

The disjunctive cat *S°'V , ^ irc]f!S> 0T any constituent thereof three 
Figure 1 that possess thr figures, red cucles, or three 

figures, red figures, circles, three b 

i can Gad In the Weralure on the subjective enalyslJ 

• The closest analogue « “ of J cnce d primary ottentlen proposed 

of attention and “clarity 1S f t ], e , n creased subjects c prominence or 

by Titchener (1915) to 3 ^ ve learned to attend habitually 

“attensity” of objects to ue na 
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Figure 1. An array of instances comprising combinations of four attributes, each exhibiting three values. Plain fig- 
ures are in green, striped figures in red, solid figures in black. 
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circles. The class comprises 57 instances Any fraternal or civic or- 
ganization with a membership requirement such as “Anyone residing 
in or paying taxes in Altavista shall be eligible for membership’ ex- 
emplifies a disjunctive category A strike in baseball is also disjunctive 
A strike is a pitch that is across the plate and between the batter’s 
knees and shoulders or it is any pitch at which the batter strikes but 
fails to send the ball into the field Similarly, a “walk” occurs either 
when four balls have been pitched or when a pitched ball strikes the 
batter 

The difficulty with disjunctive concepts is their arbitrariness, the 
lack of any apparent relation between these attributes which can sub- 
stitute for one another This feeling of arbitrariness may be one 
source of resistance to the categories used by clinical psychologists A 
concept such as “stable personality or “serious disturbance can only 
be defined disjunctively, with sometimes one set of signs serving as the 
cue and sometimes others Hammond (1955) and Todd (1954) have 
commented on the role of such vicarious functioning of cues in clinical 


judgment c , . 

The relational concept or category is one defined by a specifiable 
relationship between defining attributes Thus in the universe of Fig- 
ure 1, we may define as a class all those instances containing the same 
number of figures and borders, or those cards with fewer figures than 
borders Income tax brackets (after deduction), each specifiable as 
a class, are defined in terms of the relationship between number of de 
pendents and level of income 'Effective stimulus “ defined in psy- 
chology as an energy change at a receptor surface capable of discharg- 
mg the receptor a relationship between two states 

It is sometimes possible to describe the same 
instances in terms of two different combinations of at . ° 
way of combining attributes may prove to be equivalent to another m 
terms of the groupings that result by use or a PP ca 1 ’ ’ j 

turn out that one rule for combining attributes may prove to 
equivalent to another Such cases are of interes , p r X 
sciences where they are capable of generabng theoretical controversy 
the land that produces more heat than light .n tration 

An arbitrary array of 16 instances helps to P rov1 ^ ""d .n expert- 
tu 7 , , cpf nf rards (they are cards used m expert 

The array is made up of a set of cards ( y ^ ^ ^ ^ a sma „ 

ments which will be considered later) tnancle or 

figure and a large figure The small figure mayj^ ^ e „ ow So too 
a rectangle, and whichever it is, it can a black Thus, 

the large figure a rectangle or Each Jid exlnbits’ 

there are four attributes, each with t\ 
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one value of each attribute The array of instances can be numbered 
for convenience as follows 

Large Figure 

Triangle Rectangle 

Small Figure Yellow Black Yellow Black 


Triangle 

Yellow 1 

Black 5 

Rectangle 

Yellow 9 

Black 13 


2 3 4 

6 7 8 

10 11 12 

14 15 16 


Thus, instance 1 contains a large yellow triangle and a small yellow 
triangle, instance 7, a large yellow rectangle and a small black tnangle 
What is interesting about this array and many others as well is that 
one can define the same subset of instances with different concepts, 
indeed, different types of concepts Take, for example, the subset of 
instances 2, 4, 5, 7, 10, 12, 13, 15 This subset can be defined by five 
different concepts 


1 Two figures of opposite color 

2 One yellow figure 

3 One black figure 

4 Black figure and yellow figure 

5 Small black with large yellow or small yellow with large black 

| n ^ 1S subs ®*> eac b of these definitions— some conjunctive, some dis- 
junctwc, and some relational-define the same class 

hnZ L* part, ? u !- rly L nstructive abo * tfus example is that it under- 
For the V constructe d’ nature of a concept or category 

tcrcd Hill d*> m ^ 3 pe ^ S0n Wlb categorize new instances encoun 
£*tdl^ draSt ‘ E ' Hy Upon “» °£ concept he has eon- 

m th ' S “V WhJe * » true that all of 
s an^s The ( h(T? f ° reg0,ng descnbe *0 same subset of in- 

encode a d,fferent m ° deS ° f “ te gon- g 

cent -t„ 0 Jr , n T 5 , A pcrson opccchng with the con- 

K tSul r 00 ° r "'°“ ,d cons ' d cc an instance con- 

r„ p L,.^r ttr r?f ““ 



45 


On Attributes and Concepts 

We may conclude, then, by noting that when one learns to categorize 
a subset of events in a certain way, one is doing more than simply 
learning to recognize instances encountered One is also learning a 
rule that may be applied to new instances The concept or category 
is, basically, this “rule of grouping and it is such rules that one con 
structs m forming and attaining concepts In this sense, conjunctive, 
disjunctive, and relational categories are different types of rules for 
grouping a set of attribute values for defining the positive or exempli 
fying instances of a concept 


PROBLEMS IN HANDLING MULTIPLE SIGNAL ATTRIBUTES 

In preceding pages we have dealt with a variety of the properties 
of attributes and attribute combinations that affect the manner in 
which they may be used as a basis for inferring the categornl identity 
of things The defining and cntenal status of attributes their 1m 
mediacy and proneness to masking, their linguistic codabilit) , the na- 
ture of their ranges and transition values, and finally the manner in 
which they may be combined all of these have concerned us in turn 
We come now to the problem of the number of attributes that are 
exhibited by an array of instances to be categorized and the number 
of attribute values that are actually used by an individual m dis- 
criminating one class of objects from another 

The number of cntenal attributes affecting categorization makes a 
difference in two ways The first is tuth respect to learning a cate- 
gory, and the second is in utilizing the category a ter it ias 
learned The former problem must be postponed for a moment be 
cause it involves other considerations shortly to be intro uce 
latter is a matter of immediate concern If there are a ozcn * 
attributes affecting one’s categorization of a class o o jcc s, 
ess of scanning the values of each attribute prior to rcac 11 S ' a 
ferential decision about the identity of the o ject won 
strain and time consuming regardless of how t ic a n u e 
bmed in terms of a concept type In the ordinal) behavior of a per 
son. there is likely to be a tendenc> toward the 
strain since time pressures usually are operative n E j to - 

trnie or under conditions of stress, the individual will no attend o 
or take into consideration all of the attributes that might be consul 

ered under more leisurely conditions of weinli 

There appear to be two principal wap m winch betnn of weigh 
mg man) attributes can be reduced One is > r uc 
her of attributes considered, the other bv a process of combmfn, « 
recoding attributes into attribute configurations 
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Consider first attribute reduction The individual can “fall back 
on the most cntenal attributes, whatever the basis of their cntenality 
may be, and base his categorization on them Or, as in the case of 
subjects m the stress experiment of Postman and Bruner (1948), he 
may fall back on those attributes most immediately discriminable, 
and this is likely to be the case where time pressure is operative He 
may regress to the attribute on which he first focused m the process 
of learning the category He may base his categorization on that at- 
tribute some value of which has been found highly predictive of the 
presence of appropriate values of other criterial attributes In short, 
there are various ways in which attribute reduction can occur We 
know attribute reduction has occurred when it can be shown that at- 
tributes that were formerly criterial no longer make a difference for a 
person s categorizations 

The extent to which attribute reduction occurs under different con- 
ditions reflects various requirements placed on the individual in the 
categorizing situation For example, if the consequence of miscate- 
gonzation are severe it seems likely that attribute reduction will not 
e very marked as long as error can be reduced by taking into ac- 
count the values of many attributes Where the consequences of 
err ° r n0t ^ reat where time pressure is great, we would expect 
to nnd notable attribute reduction Where the array of cues to be 
used in categorization are all relatively low in validity, again one 
35 ex P ect hnd less reduction than under conditions where some 
of the cues available are highly predictive and others not 

me development of configurational attributes is best illustrated by 
concrete example The student being introduced for the first time 
to microscopic techniques in a course in histology is told to look for 
w.th I?”” 1 "! a p Cr ° SS sectlona l slide of rabbit ovary He is told 
a cerH,n rts defining attributes that it is yellowish, roundish, of 
* Next "I? 6 Held ° f the microsc ope etc He finds 

e bXmesT, \ J hB ? StJ1 “ scannin S attributes ” But as 
buctae f r d ‘° ^ ProCedure a " d ‘° *e kind of cellular 

cla s,eX CmP 'A S lUteUm be ? ms l ° teke ™ something 

" -national quality Ph e g 

slow business of cbecW XX"° T haS to §° throu S h the 

"corpus lutcuinness" appears to become r’”’ t “ tUre ' ^ Indee<J ’ 
own right 1 1 become a property or attribute in its 

of teX'ZcT'oTtirr \ reC ° d,ng ° f th ° “I™ - terms 

me ooject Such reconstruction is 
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possible because in fact the defining features of most objects and 
events are redundant with respect to each other A bird has wings 
and bill and feathers and characteristic legs But the whole en- 
semble of features is not necessary for making the correct identifica- 
tion of the creature as a bird If it has wings and feathers, the bill 
and legs are highly predictable In coding or categorizing the en- 
vironment, one builds up an expectancy of all of these features being 
present together. It is this unitary conception that has the configura- 
tional or Gestalt property of * birdness ” Indeed, once a configuration 
has been established and the object is being identified in terms of 
configurational attributes, the perceiver will tend to rectify or nor- 
malize” any of the original defining attributes that deviate from ex- 
pectancy Missing attributes are ‘filled in (Bruner and Minturn, 
1955), reversals righted (Postman, Bruner, and Walk, 1951), colors 
assimilated to expectancy (Bruner, Postman, and Rodrigues, 19 ) 

When the conception is well enough established, it takes on the prop- 
erty of being able to serve as a discnmmable and seemingly irreduci- 
ble attribute of its own One can array things in the degree of their 
birdlikeness in much the same way as one can array lengths a pre- 
sumably less complex attribute The tachistoscopic recogni ion o 
words provides an interesting case in point At first one attempts o 
perceive words m terms of their letters, but with prac ice one i 
to perceive them as wholes, reconstructing the etters y vir u 
having learned the redundancy of the features that make up the 
word Attneave (1954) has proposed an ingenious way >n which 
may analyze simple visual figures in terms o t e re un y ^ ^ 
tamed in their pattern and his basic reasoning is muc 

-r 
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here is that such establishment of configuration P 

one of the chief techniques of reducing the strain of attribute 
mng in the utilization of categories * effect of (he num _ 

Now the question of learning a cone p studies will be re 

her of attributes on it In later chapters, se\ J e g mn ,» attributes 
ported dealing with the question of the number of defining a 
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proposal of a “smearing mechanism as a basis 
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and the number of nondefining attributes displayed by an array of 
objects which a person must learn to categorize into exemplars and 
nonexemplars of a concept Take a scientist trying to discover what 
kinds of cells are and are not cancer prone He knows that some are 
and some are not and he is trying to find out what characteristics of 
cells lead to cancer proneness There are thousands of discriminate 
attributes exhibited by the cells to be studied all their chemical com- 
ponents, their size, weight, stainability by different dyes, etc Any 
one of these may m fact be defining of the class “cancer prone ” Ob- 
viously, the larger the number of discriminate attributes, the more 
arduous the job of testing them It has been shown in various studies 
that the technique one employs for testing attributes will change as 
the arduousness of the task increases Reed (1946b) has found, for 
example, that when the complexity of the materials used m a concept- 
attainment experiment is great (many discnminable attributes), sub- 
jects tend to revert to rote memory techniques for trying to learn 
which are exemplars and which nonexemplars of the concept they are 
set, 'ing If the complexity is less, the subject will more likely attempt 
o extract the common attributes of exemplars and learn the concept 
in this way More generally, the task of a person faced with many 
attributes to be tested is to limit somehow the strain on memory or 
bookkeeping that is involved 

t.nl 0 ’ 1 ? 8 i? ^ eep * r “ k 0f whlcil at,nbute values and which combina- 
° 3 r ! u ® vaues are correlated with some criterion— which 
mi m ppv^ ° ? e S increase cancer susceptibility, for example— may re- 
techmm P & ° r mai 7 ™ easures The statistician develops such special 
duce tr r, t'* e r rrelat,0n and the ana V sls of variance to re- 
ordmarv Z Z T ^ " Iar § e number ^tributes The 

shall deVwith these he Ca " em P lo y and W6 

tySrof'atahT M eCeSS1ry ‘° m,r ° duce a distinction between two 
concent the ln ' T ntUal,y turn °“‘ *» be nondefin.ng of a 
tributes U one wer‘7 bCtWeen , n0 ' S 'J and nondefinmg at- 
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defining attributes is a noisy attribute North and Leedys experi- 
ment (1952) is an excellent example of the nay m which noisy at- 
tributes encountered early in concept attainment can have just this 
delaying effect 

The extent to which the number of discriminable and varying at- 
tributes m an array of instances affects the task of concept attainment 
will of course depend upon the nature of the concept to be attained 
It can readily be seen that conjunctive, disjunctive, and relational con- 
cepts— since they require different methods of combining the positive 
values of defining attributes— will generate different requirements for 
scanning Given an array of instances exhibiting six attributes each 
with five discriminable values, the number of combinations to be 
tested if one is looking for a conjunctive concept will be different from 
the number if one is operating on the hunch that the concept is re- 
lational These arc matters that will be discussed in considerable 
detail m later chapters when we deal with strategies for attainmg 
concepts We mention the problem here to alert the reader to one 
of the massively important consequences ensuing when one gen- 
eralizes from a simple to a complicated universe of instances that 
must be tested for their possible grouping into conceptual classes 

We turn now to an examination of the problems involved in the 
process of attaining a concept 
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The process 
of concept attainment 


J8-t is curiously difficult to recapture pre- 
conceptual innocence Having learned a new language, it is almost 
impossible to recall the undifferentiated flow of voiced sounds that 
one heard before one learned to jort the flow into words and phrases 
Having mastered the distinction between odd and even numbers, it 
is a feat to remember what it was like in a mental world where there 
was no such distinction In short, the attainment of a concept has 
about it something of a quantal character It is as if the mastery of 
JTT distinction were able to mask the preconceptual memory 
o e mgs now distinguished Moreover, the transition experience 
willing n0t iaVlI ! g die ^stmchon and ‘having it” seems to be 
and content From the point of view of imagery 

unansrhmJ , 1 6 ° f § ras P in g a conceptual distmction is, if not 

mvesti^aio IC ?i im P a ^ Ipable, to use the language of the Wurzburg 
process and nfi ^ u ”J erballzable h is, if you will, an enigmatic 
ence” sinples SU P rocess Tbe psychologist’s “aha expen- 

recozmtion ” T thl * sudd * nness as d °es the literary man’s “shock of 
found somethmp me p ^ a PP ens q ui ckly and one thinks one has 
unamlyzable pLefsTom See . ms aImost an intrinsically 

undersLdthe P dTst:nc,rbeLrr entlal ° f ™ W “ N °' V 1 

was only a moment of ilhimLbo,,' ™ S " S> a " d ” betW6en 
that psycholoa^ri! 156 ^ ‘'a InaccesslW “y of reportable experience 

and the thought processes by techn lnVeS '‘S ate concept attainment 
ysis To say, S as Graham Wallas ^ d pbe “ 0men0,0 S‘ caI a " al ; 

thinkmg or inyention is divided into the fonr sta^rf^platmm" 
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“incubation,” “illumination,” and “verification” is helpful only in so far 
as it serves to indicate that while the experience of “grasping (il- 
lumination or insight) is sudden, it is imbedded in a longer process 
—still to be described in analytic terms We do well to heed the 
lesson of history and look to sources of data additional to the report 
of direct experience as a basis foi undei standing what is the process 
of concept attainment 

The remainder of this volume is m large measure given over to the 
study of how people come to grasp conceptual or categorial distinc- 
tions One may state these guiding questions How do people 
achieve the information necessary for isolating and learning a con 
cept? How do they retain the information gained from encounters 
with possibly relevant events so that it may be useful later? How is 
retained information transformed so that it may be rendered useful 
for testing an hypothesis still unborn at the moment of first encounter- 
ing new information? People do manage these vastly complex tasks 
of achieving, retaining, and transforming information and they do so 
without exceeding the relatively narrow limits of human cognitive 
capacity They do it in a manner that reflects with nicety the re 
quirements of speed, accuracy, and the like that are imposed upon 
them by circumstances We look about us and we see people con 
stantly engaged in picking up and using information that enables 
them to make conceptual distinctions on the basis of appropriate de- 
fining attributes, domg it in such a way that they seem neither over- 
whelmed by the complexity of the task nor much endangered by 
maladaptive slowness or by reckless speed P e0 P e earn 0 /f 
tinguish conceptually between daylight color fi an m oor c 
Aim, between Afferent cuts of meat, between fresh vegetables and 
stale ones, between policemen and subway guar , e v 
gents and soap flakes, between honest and crooked pdjbcuu^ 
tween bashful chddren and less timid ones, between a 
that permits crossing the street safely and a flow that °ne shonHnot 
nsk How may one go about analyzing the learning p 
leads to such rational behavior? 

the investigation of concept attainment 
. It IS more than a casual truism of the operaUona^ehaviom^ ^ 
m order to study a psychological process on Hon get it 

observation Concept attainment is not an ex P wc ] me 

oxtemahzed into observable behavior? er . P ’ about it. 
noted, provides insufficient data for making generalizations 

What then? 
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is no limit of time on his learning activity Suppose that Ins tutor- 
friend were only going to be in town for a few days and in that time 
he had to learn to recognize examples of the category influential 
people” in order to carry out lus future business To what extent 
would this influence his approach to learning’ 5 
We must also ask a question about record keeping How does the 
person keep track? Each instance he encounters exhibits many at- 
tributes, and our man notes the value of some of these and not others 
upon encountering exemplars and nonexemplars of the cl iss in uen 
tnl people” that more of the ‘ influential* weie rich than poor, but 
not that more of them were tall rather than short He may a so wan 
to keep track of the fate of those tentative hypotheses that were 
checked and found wanting on subsequent encounters Is t e 
record keeping (whether in his head or m a ledger) of such a kin 
that it ensures the ready utilization of ^ormabon encountered 

Finally, how does the person know when he has learned the concept 
in a serviceable way? This is a deceptive y simp e <1 
first thing that may come to mind is that the pe™n knows he has 
learned the concept when he feels he is ab e o pret i w j ]at 

new instances with a sufficiently high degree o cer ^ working 
« a “sufficiently lngh degree of certainty when 

with a probabilistic concept where cues o no y continue t 0 
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partially predictive cues without any b|ect is working with a 

possibly relevant attributes Even ' V fi ' attrI b„tes predict perfectly 
simple conjuncbve concept whose d g ^ b(j surc , )nt fie 

the status of all instances encountere ’ V, er f c C t ly He will go 

‘ has” the concept even though he is per ^ ^ j 0 not mcln to 

on testing new instances, ]ust to c . f ac t it is \ciy 

obscure what may seem to be a saPP a jubiect to state that he has 
difficult to describe what it is tin e ‘ ^ 1S often better to 

now learned the concept For simp ici t j JC attn butcs that 

by-pass the question and to ask ms c Ju dgment arc also the 

are cntenal for the subject in lus * 6 ^ ]t j )C clear, howcacr, 

attributes that are defining of the conC ^ iCOnntcrs bejond this point 
fhat some people require man) more reach the stage of cer- 

before they feel an) degree of cert ? in ^’ tcrion 

tainty before their behavior meets t us sequence of c\cnts set 

The first and most notable tiling about the seq 
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Consider the chain of events leading up to the learning of a con- 
cent, and we purposely choose an example from everyday hie. Uur 
hypothetical subject is a foreigner who has arrived in town and is 
being introduced around by an old resident who is a trusted friend 
of his. The people to whom he is being introduced are the instances. 
After each encounter with a new person-an “instance in the jargon 
of concept studies-his friend remarks either, “He’s an influential per- 
son” or “He’s a nice fellow but not very influential.” Our subject has 
reason to respect his friends judgment and is, more or less inten- 
tionally, trying to learn the basis of his friend’s distinction between 
“influential” people and “nice but not influential” people. Looked 
at more precisely, he encounters instances and then has them labelled 
categorywisc as in one class or another by his tutor-friend. The in- 
stances that he encounters vary in the myriad of attributes by which 
human beings are marked. Some are more educated than others, 
better travelled, more facile conversationally, richer, more forceful, 
etc. His task is to determine which attributes lead reliably to mem- 
bership in the class “influential people.” Note one thing. Very early 
in the round of visits, our subject begins to make tentative judgments 
of his own, prior to his friend’s advice, as to whether the person he 
is meeting is influential or not, perhaps on the basis of attributes that 
lie would have difficulty in describing even to himself. With respect 
to these tentative hypotheses, several contingencies may arise: he 
may consider a person influential and have his judgment confirmed 
or infirmed by his friend, or he may consider a person not influential 
with the same two possible outcomes. And, of course, the tutor- 
friend can also resolve cases of doubt for him. If the friend were 
also able to give him the proper advice about the defining attributes 
of the class, the task would be finished. But let us assume that this 
is not to be the case, that the tutor-friend is somehow reticent on 
this score. 

Our subject as we have described him thus far exists in something 
of a privileged enclave in which lie is protected from the consequences 
of his own tentative judgments. This is how it is, of course, in most 
concept-attainment studies— whether a particular Chinese figure is 
called a CIV or a DAX by a subject is seemingly without consequence, 
save that miscalling may hurt one’s self-esteem. But it is conceivable 
tint our man may have to act on the basis of his tentative categoriza- 
tion before getting his friend’s guidance, and his action may have 
serious consequences. To what extent will this lead to constant errors 
in hit placement of people and in the tentative hypotheses ho de- 
velops? Our mans position is privileged too in the sense that there 
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here does not refer to a conscious plan for achieving and utilizing in- 
formation. The question whether a person is or is not conscious of 
his strategy, while interesting, is basically irrelevant to our inquiry. 
Rather, a strategy is inferred from the pattern of decisions one ob- 
serves in a problem-solver seeking to attain a concept. What instances 
does he seek to test, what hypotheses does he construct, how does he 
change these when he meets certain contingencies? These are the 
data from which strategies are inferred. The manner in which one 
proceeds in analyzing a strategy can only be described here in general 
terms: the specifics require the type of concrete analysis of behavior 
with which the four following chapters are concerned. Essentially, 
what is required is that one construct an ideal strategy or a set of 
ideal strategies that have the formal properties necessary to meet cer- 
tain demands or objectives with “maximum rationality. Such ideal 
strategies can be stated in quite strict logical terms. For any given 
concept-attainment task, for example, there is an ideal strategy that 
can be constructed having the property that by following it one can 
attain a concept with a minimum number of encounters— but wit out 
regard to the cognitive strain involved. There are other ideal strate- 
gies having the property of minimizing cognitive strain, but they often 
are wasteful of the number of instances one must encounter en route 
to solution. And, indeed, there are also ideal compromise strategies 
that serve both the purposes of cognitive economy and rapid solution. 
To put the matter perhaps too simply, the analysis of performance 
strategy consists in comparing the actual performance o a su )jcc 
with a set of rational or ideal strategies and determining a best lit. 
We ask then which ideal strategy does the subjects performance con- 
form to most closely. , . .1 

Obviously, strategies as employed by pcop e arc no ■ 

They alter with the nature of the concept being soug 1 , " * 
of pressures that exist in the situation, with the cons^uenccs of 
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forth is tint it cm be described as a series of decisions At the very 
outset, even before the person Ins so much as encountered a single 
inst ince, he must mike a decision about the nature of the task Will 
he try to learn the concept ‘influential people” or will he concentrate 
on remembering in rote fashion which people he met were and which 
people were not influential ^ There are then decisions to be made, 
important ones from the point of view of efficiency, as to which at- 
tributes and how many attributes he should attend to in attempting to 
find out how to spot an influential person without having to ask his 
friend or going through the difficult business of observing the exercise 
of influence in the community And should a tentative hypothesis 
prove wrong, lus next decision is how to change it Indeed, if his 
hypothesis is correct on one encounter, should he hold to it m toto ? 
The decisions, moreover, are always contingent on the consequences 
he foresees and he must also make decisions about what consequences 
seem reasonable If >ou will, then, the steps involved m attaining a 
concept arc successive decisions, earlier ones of which affect the de- 
grees of freedom possible for later decisions 
In studying concept attainment, then, it has been our mm to ex- 
termhre for observation as many of the decisions ns could possibly be 
brought into the open in the hope that regularities in these decisions 
might provide the basis for making inferences about the processes in- 
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here does not refer to a conscious plan for achieving and utilizing in- 
formation The question whether a person is or is not conscious of 
his strategy, while interesting, is basically irrelevant to our inquiry 
Rather, a strategy is inferred from the pattern of decisions one ob- 
serves in a problem-soU er seeking to attain a concept What instances 
does he seek to test, what hypotheses does he construct, how does he 
change these when he meets certain contingencies ? These are the 
data from which strategies are inferred The manner in which one 
proceeds in analyzing a strategy can only be described here in general 
terms the specifics require the type of concrete analysis of behavior 
with which the four following chapters are concerned Essentially 
what is required is that one construct an ideal strategy or a set of 
ideal strategies that have the formal properties necessary to meet cer- 
tain demands or objectives with “maximum rationality Such ideal 
strategies can be stated in quite strict logical terms or any given 
concent-attainment task, for example, there is an ideal strategy that 
can be constructed having the property that by following it one can 


attain a concept with a minimum _ . 

regard to the cognitive strain involved There are other ideal strate- 
gies having the property of minimizing cognitive strain, but they often 
are wasteful of the number of instances one must encounter en route 
to solution And, indeed, there are also ideal comprom.se strategies 
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of acts that, more properly speaking can only be called a “perform- 
ance But such matters are not, as we have said, within the scope 
of this book Our effort is directed to locating strategies for dealing 
with information and trying to understand the manner in which they 
reflect the persons adjustment to the complex environment in which 
he must move 


CONDITIONS AFFECTING CONCEPT ATTAINMENT BEHAVIOR 

, *^ 16 decisions involved in attaining a concept is affected 

y a ost o actors Without doing too much violence to this divers- 
broad hea^ rminantS ’ ** 15 P ossl ^ e to group them under several rather 

J"! definition of the task What does the person take as the ob- 
o 7/° US ^tavior? What does he think he is supposed to do ? 
e *f n a * tire °f instances encountered How many attributes does 

noisi^ D h ° W many ° f 111656 are definin § and how man y 

and ? ,° eS , le enc0un ter instances at random, in a systematic order, 

be testeV n Ve any contro1 over the order in whlch instances will 
for learning th ° inStanc ® s encountered contain sufficient information 

i 3 The nature of validation Does the person learn each time on 
“ cncoun taed whether it IS or is not an exemplar of the con- 
i' " liosc definition he is seeking? Or is such validation only avail- 
or not? “ SCnCS ° f encountersI ' Cl " hypotheses be readily checked 

4 The consequences of specific categorizations What is the price 

ot categorizing a specific instance wrongly and the gam from a correct 
categorization? What ,s the price attached to a wrong hypothesis? 
And do the various contingencies— nghtness or xvrongness of a cate- 
gonzat.on of X .and no t X -hare a different price attached to them? 

5 The nature of imposed restrictions Is , t posslblo to ^ „ 
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Consider each of these matters m turn 
The Definition nf the Tush. Tire first i . 
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Infinenthl or win liter he Is merch t ” * 10 c,lss P'mple who arc 

merely trying to rememher in tote fashion 
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which of the people he met were and which were not influential 
Many of the classic experiments m concept attainment, beginning 
with Hulls famous study (1920), have employed rote memory instruc 
tions, leading their subjects to believe that their task was to memorize 
the labels of different figures presented to them ratlin tli m to seek to 
discover what were the defining properties of instincts bearing the 
same labels Yet we know from the careful studies of Reed (1946a) 
that this prior set of the subject makes a considerable difference, even 
when the concepts to be attained are simple m nature When a sub- 
ject is set only to learn names, the rate of success in discovering the 
basis for grouping was 67%, with instructions to discover the basis for 
grouping, the figure increased to 86%— and this let it be noted, with 
very simple concepts 

In the appendix, Roger Brown proposes that one of the functions of 
words is to alert people to the possibilities of concept attainment We 
say to a class of students in biological chemistry, ‘Consider now the 
substance histamine ” The function of such a word is to suggest that 
a concept is about to be presented and that one must be alert to the 
possible defining attributes in terms of which its exemplars can be 
differentiated from other things in the world It may well be, as Gold 
stem (1940) has so vigorously and persuasively suggested, that people 
are differentially set to handle the events they encounter, some seek- 
ing constantly to form conceptual groupings, others to deal with 
events concretely in terms of simple identity categories, us ung in 
all its appearances,’ rather than ‘Tins thing as a member of the class 
of things alpha" There are many deep and unsolved problems su 
rounding the question of what it is that alerts peop e to concep ua 1 
mg activity, and it is clear that the full picture of concept attainment 
behavior will not emerge until these pro ems are so ve 

A second question concerning £ ur e of*e~ ncept with which he 

our culture dislike and do not have much skill m deihng with cl 

ur culture aisiiKe anu u defined by the presence of the ap- 

junctive concepts-a class oE-wents J ^ rlb ‘ (c or botb m con . 
proprnte values of one attribute o indlcale ,l that, when the 

junction Some of our own stud J fiod subjects „ , n tend to 
nature of the concept to be sought • P ctne ^pt „f the 

assume that they are looking fo • V (] J hle AIfre( j Korvybsk. 
certamty type Is it indeed the « , ^ a prcfcr< , nc< . 

(19ol) urged, that Western ™ ’ {rom tbc ^.tion ol 50 called 
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of acts that, more properly speaking, can only be called a “perform- 
ance But such matters are not, as we have said, withm the scope 
of this book Our effort is directed to locating strategies for dealing 
with information and trying to understand the manner in which they 
reflect the persons adjustment to the complex environment in which 
he must move 


CONDITIONS AFFECTING CONCEPT ATTAINMENT BEHAVIOR 

The pattern of decisions involved in attaining a concept is affected 
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which of the people he met Mere and which were not influential 
Many of the classic experiments in concept attainment, beginning 
with Hulls famous stud) ( 1920). have employed ro e memoiy instruc- 
tions, leading their subjects to believe that their task was to memorize 
the labels of different figures presented to them rather than to seek to 
discover what were the defining properties o instances bearing the 
same labels Yet we know from die careful studies of Reed (1946a) 
that this prior set of the subject makes a considerable difference, even 

when the concents to be attained arc simple m nature When a sub- 
wnen uie concepts to ue of succes s in discovering the 
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relational, and probabilistic concepts reflect the difficulty of such con- 
cepts or does the difficulty perhaps reflect certain cultural biases in 
problem-solvers? 

These are questions til it cannot presently be answered Certainly, 
there are cultural fictors at work, or subcultural ones The organic 
chemist, if organic chemistry can be treated as a subculture, develops 
a taste for relational groupings, at least during his working hours 
benzene rings for example, are essentially relational groupings Pre- 
sumably, the physicist who works in quantum mechanics and nuclear 
theory will develop a taste for probabilistic concepts by the very 

on re! ^ &e ^'T 7 must use Tllou g h the generalization re- 
lf 1S P rob! > bl y the case that most modem science is mov- 
evenbdtfi^d 7 P™babihst.c-relational concepts classes of 
will retell “,7 £ ° f * e P robablbt y ‘hat certan attribute values 
classes ^natinn! ‘ “ ° £ to each otb “ I" economics, one 

their aC J T “ penod of , years ,n terms of “ average state of 
a field in wh,H payments whether favorable or unfavorable Botany, 

,s ffie medto™ Z 7 task ’ a,re ady alluded to earlier, 

task a , *0 the 

task is one of constructing c particularly the case when the 

■ng use as in geology LoIoiTor antf™' 1 ? categ °«es for eontmu- 
about such ".itlnb«te 8 pred,leetmn ^ What 15 stnkmg 

to choose m nd\nnrp ” 1C i , V nC * ^ atin ori g in > praedilegerc, 
both in the "bSSrf subitf a P f r ° P ° r ™ d > “ tbat one finds 
nondefining attributes are nit readily ITf ^ ‘ hat P referred but 
counter with instances proves them to I ? ” P T" When ° ne ’ S en_ 
as people define the task of an!, b n °‘ Sy and useless In 50 far 
tint their prior hunches about rlo'r a c , once P t as one of proving 
reflected in the pm cm of done attri ^ utes " er e right, it will be 

“ >"? f -0 of inCng co„n~ OUt ''""S'* “ °" A «W*-- 

-n tbc^migVsrrLt^e^r of ?, tasu ° nc ° f tka 

affects the manner in uhich"^!™™' 1 ^'''! 110 ' 17 ’/ 01 lf most certaml > 
of attaining a eoneept It is the penments go about tile task 

penmental research on the thought pmi!res E1 T"l fcatUrc ot most ““ 
cal experiments tend to define the task ,x n S ' 1,1 l ccts ln P^chologi- 
arc under test As a result “error" „„ ‘ n " , " ch lhc,r abilities 

• Crr ° r mi > vome to have a consequence 
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that is different from and perhaps more severe than what usually pre 
vails m more private cognitive activity The effect may be to lead 
the subject to play safe in his choice of hypotheses or in the instances 
he chooses for testing One countervailing factor, however, may 
make such a hedgehog strategy less attractive Foi the subject in 
approaching a task also may operate on the assumption that the ex 
penmenter would not have chosen an easy task for testing his abilities 
So one often finds subjects trying complicated approaches to a prob 
lem when easy ones would have served them better, and admitting it 
sheepishly after they discover that the task was simpler than they 
thought We cannot settle tins vexing problem here but wish only 
to point it out as a ubiquitous and important factor in determining the 
behavior of subjects in experiments on the thought processes 

One last point about the subject s definition of the task his expecta- 
tions about what constitutes successful solution or successful progress 
m a problem-solving task Simmel (1953) reports that one of the 
subjects in her problemsolving experiment asked to be allowed to 
keep going after he had attained solution on the grounds that his solu- 
tion was "inelegant ” At the other extreme Smedslund ( 1955) tells of 
one o£ h ls subjects in a multiple cue probability experiment who was 
doing badly and showing no improvement When querie , le rep le 
that his “system” was quite satisfactory and that he was performing 
as well as one could possibly do under the given circums ances, an 
that he was not responsible for his failures because t ey were “ 
able” (p 39) The two contrasting cases illustrate nice y 
to which the objectives of the systematic behavior adopted y . 
ject will differ as a function of how he defines is as j f ’ 

the subject wants an "elegant solution,” in the other he wants to do 
only somewhat better than chance What is interesting .about^these 
levels of aspiration is that they determine in c °”, , ze and en( j t j, e 

when the person will cease trying where Ji Attributes and relations 
strainful process of searching out relevant atbab^ 0 f 

Thus all the factors that have to do ™ > > *"fn some melsurc 
aspiration— situational and personologi objectives that 

affect the definition of a task and in so doing affect J 

go into the forming of a behavior stratep , , [h of understanding 

One other feature of ‘ aspiration level is the dep ( „ us 

that the subject seeks to achieve al.L of "Loving’ a 

point because it has special releianc ^ ^ JevcI of vcr j n j rc port 
concept beliaviorally and "knowing i • ‘ g[ lc ,u,„ could 

The world of mathematics is rife wit P j,] 0 (() j cscrl j>e 

come up with correct solutions before user the) 
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relational, and probabilistic concepts reflect the difficulty of such con- 
cepts or does the difficult)' perhaps reflect certain cultural biases m 
problem-solvers 9 

These are questions that cannot presently be answered Certainly, 
there are cultural fictors at work, or subcultural ones The organic 
chemist, if organic chemistry can be treated as a subculture, develops 
a taste for relational groupings, at least during his working hours 
Benzene rings for example, are essentially relational groupings Pre- 
s.uma „ P li y s,CIS t who works in quantum mechanics and nuclear 
theory will develop a taste for probabilistic concepts by the very 
nature of the discipline he must use Though the generalization re- 
quires a leap it is probably the case that most modern science is mov- 
^ in , ! rectl0n probabilistic relational concepts classes of 
events defined m terms of the probability that certan attribute values 
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that is different from and perhaps more severe than what usually pre- 
vails in more private cognitive activity The effect may be to lead 
the subject to play safe in his choice of hypotheses or in the instances 
he chooses for testing One countervailing factor, however, may 
mate such a hedgehog strategy less attractive For the subject in 
approaching a task also may operate on the assumption that t 
per, menter would not have chosen an easy task for testing his abilities 
So one often finds subjects trying eompheated approaches to » prob 
lem when easy ones would have served them better, andadrmthngi 

to point it out as a ubiquitous and unporta, at : factor m to. ng the 
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the steps used in attaining them Many experiments in concept at- 
tainment, including our own, have shown that subjects are able to dis- 
tinguish correctly exemplars from nonexemplars of a concept before 
being able to name the defining features on which their judgments are 
based The studies of Hull (1920), Smoke (1932), and Walk (1952) 
all provide examples Indeed, Adkins and Lyerly (1951) indicate 
that different factors contribute to success on two forms of the Pro- 
gressix e Matrices Test, one form requiring the subject to recognize the 
answer, the other to furnish it We do not know whether there is a 
difference in behavior that results when one sees one's task as “be- 
havioral attainment in contrast to “verbal attainment" of a concept 
There is evidence, however, that the two forms of attainment come at 
different points in a sequence of behavior and that “good' problem- 

Thurstone 0 'nnxn\ Se ^ aratl ° n m ° re m1rJ ' ecJ *>’ tban P 00r ones At least 
Thurstone (19o0) suggests, on the basis of Booth, let's study (1948), 
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ways For example, tlic influential people could be defined m terms 
of the values of all four attributes and include all those who are 

Over 50, rich, Protestant, and moderately aggressive 

Or they could be defined by values of only two attributes 


Rich and Protestant 

Rich and moderately aggressive 

Over 50 and highly aggressive, etc 

The larger the number of attributes exhibited by instances and the 
larger the number of discnminable values they exhibit, the greater 
will be the number of hypotheses to be entertained This is the first 
constraining factor imposed on problem solving by the nature of in- 
stances encountered 

Here we may foreshadow the next chapter and note that one of the 
principal differences between various strategies is the rate with which 
they eliminate alternative hypotheses about which attribute values are 
relevant for identifying exemplars of a concept Moreover, the larger 
the number of attributes being considered and therefore the larger 
the number of alternative hypotheses to be eliminated, the greater 
will be the necessity for adopting a 1 qu.ck elimination strategy if time 
is short or if the number of encounters permitted is limited by their 
costhness In sum, the number or richness of the attributes to b 
dealt with almost inevitably introduces a factor to be dealt with in 

^^einstance^^^K-^ 
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systematic differentia, and their value in pa* of 
remarked, for example, that our hypothetical o g “reasonable" 
the defining attributes of “influence' wou adop^ ^ ^ ]ndeed # 
attributes as good places for starting ^ ^ following chapter 
rational procedure, although we shall marked by a 

that the road to failure m concept attainment » = oto in .marked 

sense of vensimditude created by past sai( j at this p 0in t is 
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exemplar of the concept being sought'* If the concept to be dis- 
covered is conjunctive, then from a sheer informational point of view 
the problem-solver is in a position, if he knows how to utilize the 
information contained in this instance, to eliminate a very great 
majority of the possible hypotheses that were entertainable before 
such an encounter If the concept is disjunctive, a first positive 
instance often proves the occasion for adopting an altogether incorrect 
approach to the problem (cf Chapter 6) Hovland (1952) has pro- 
vided an excellent analysis of the potential information to be gamed 
from positive and negative instances of a conjunctive concept when 
such instances appear at different places in a series of encounters and 
we shall have occasion to look at the matter in some detail in the 
three following chapters 

. The , sheer fre quency of positive and negative instances, whatever 
the order m which they are encountered, also governs the likelihood 
ot encountering certain contingencies with respect to the tentative 
lypo ieses one is trying out That is to say, one may encounter 
positive or negative instances and each of these is capable of confirm- 

EZ 10 Qn hyP ° thes,s problem solver may have tentatively 

developed concerning the correct concept If, for example, one 

X at a t,me when one is considering the 
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duction on memor> strain P edominan % devoted to re- 
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of negative instances in contrast to subjects working with positive 
instances alone Success m attainment did not seem affected by 
these two conditions, a questionable finding since the two series were 
not equated for the amount of information they contained, but a 
finding that has been properly established by the better controlled 
experiment of Hovland and Weiss (1953) Smoke makes an exceed- 
ingly interesting point about the subjects m the two groups There 
is a tendency for negative instances to discourage snap judgments 
. . The subjects tended to come to an initial wrong conclusion 
less readily and to subsequent wrong conclusions less frequently, 
than when they were learning from positive instances alone, (p 588) 
This finding suggests that negative instances play some role, yet to be 
ascertained, in determining the feeling of confidence that leads the 
subject to believe he has attained the concept 
Are encounters with instances orderly or haphazard Consider 
the matter m terms of our useful hypothetical foreigner uppose 
his friend had introduced him to residents of the community in a 
prearranged order somewhat as follows He begins y mee g 
people who are rich, over 50, and Protestant and who differ only i 
terms of aggressiveness He then moves on to peop e w 10 are , 
ote 50, Catholic, and again only differing in aggressiveness etc until 
he has had a chance to sample each attribute systematically and see its 
relationship to influence in the community A proper y c , 

guide, if he were of an orderly turn of n.md would doubtless jo 
something like this in educating his fnen Correct solution 

find that his pupil arrived far more easily a e attain 

For the patterns of solution that people adopt m "P J * 
concepts P reflect very sensitively 

they meet Where order is a ^ d nI ,h a reduction of strain, 

memory strain becomes notably less, an 

new modes of attack begin to appear ^ to 

The question of the 8 orderliness of moblem. one that 

reduce cognitive strain brings us to a mo g ^ co JJ fuSion usc rf by a 

has to do with methods of reducing ' ^ re . K i er w ,|| \ery soon 

subject m attaining or utilizing concep jj j atcr call a “focus" 

become aware of the importance of u 1 a rc f c rcnce 

an exemplar of a concept that the ; problen isohc ^ 
point orpicd-d-tcrrc Virtually all the initial focus 

mg concepts depend upon the use o , ^ c numbers from 
Recall your oivn efforts in learning t S ( , ie nnm bcr 3 as your 

other numbers It is likely that > ou , , .l c f^us point from 

first association, and tins number is \cry 
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exemplar of the concept bemg sought? If the concept to be dis- 
covered is conjunctive, then from a sheer informational point of view 
the problem solver is m a position, if he knows how to utilize the 
information contained in this instance, to eliminate a very great 
majority of the possible hypotheses that were entertainable before 
such an encounter If the concept is disjunctive, a first positive 
instance often proves the occasion for adopting an altogether incorrect 
approach to the problem (cf Chapter 6) Hovland (1952) has pro- 
vided an excellent analysis of the potential information to be gained 
from positive and negative instances of a conjunctive concept when 
such instances appear at different places in a series of encounters and 
we shall have occasion to look at the matter m some detail in the 
three following chapters 

The sheer frequency of positive and negative instances, whatever 
the order in which they are encountered, also governs the likelihood 
of encountering certain contingencies with respect to the tentative 
iypot eses one is trying out That is to say, one may encounter 
positive or negative instances and each of these is capable of confirm- 
mg or mnrming an hypothesis the problem-solver may have tentatively 
T d ~ ing the COrrect conce Pt If. for example, one 
Shir 7. tance at a time When one 1S considering the 

Zltl * \ "5 15 1116 COrrect basis ** grouping, and If the 

Z ZT: f T Kd “ P ° SI ' 1Ve 0r ^pWyng of the concept, then 
tmcencv c V p0sltlve “"firming contingency Each con- 
a " aCt ° f de ™°" «* ‘he part of the 
tentatively or shall 'he h maintain tbe hypothesis that he is holding 
bo done’ it A change and lf he changes ^ ^ sha „ ^ 

"here coniunctive ' S pr0 P 0ttl0n oE negative instances (at least 

r ern t ed) lneVlt n ab,y phces “ * t ““ 

hypothesis in force Vest the reade^T 15 ^ mfirmS 

one not exempli!) mg\he con^t be.!^ * lnSta " Ce ' 

■t is predicted to be negative by the hyfothefis 
far as negatno instances - /l S 1 


1 force ) And in so 

tint is required m Vho hT 1 of an hypothesis, the change 

memory for reasons that wMl'*** entails cons iderable strain on 
scries of c„co"„“h ^ “ T”** "S’ * ' 0 ” S 

to adopt modes of solution that are n rc l th °. pCrS ° n 

duction on memoiy strain Predominantly devoted to re- 

Smohe (1933) lias made much of the role of i . 
concept attainment He contrasted ill r f nc S atlv0 ‘"stances in 
worked with a senes of 1 1 lC P orE °rmancc of subjects who 

a senes of instances composed half of positive' and half 
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attainment Often they become highly conventionalized, as for 
example, the images of the different types of lexers described b> 
Archimedes which are represented b> idealized fulcra, levers and 
weights The usual isosceles right angled triangle that one thinks o 
when the class right angled triangle is mentioned is another case in 
point It is highly doubtful whether the average right angled triangle 
we see is indeed marked by two equal sides aroun t e rig 
The function of the generic instance beyond 'ts useas an ordering 
or simplifying device is obscure, but it may well be ‘ hat *f “ 
a search model in problemsolving behavior xvhen a subject is con 
sidermg what classes of things would be relevant to fill a gap in 

-asrsi oi ». 

needs consideration There is a specifiable pomt m a j ‘ 
array of information that, formally speaking can be regarded as 

“informationally sufficient 1 One dmdmg whether A is equal 

the amount of mformabon > necessi V The jnfo ®,at.o n ally sufficient 
to, greater than or smaller tnan 
array of information is 

A>B 

B>C 

of these data would be 
and any further data or any rc P Queen uses the same 

redundant The mystery story w*j • ^ # certoin point all the 

technique when he informs it : e r mshes t0 solve the mystery 

clues necessary are available 1 instances necessary in order 

One can specify the minimum ( ] ie p ro blcm of who is influ- 

for our hypothetical foreigner ° sound as a logical matter, 

ential But however convincing , . ' ca) poin t of new Bcdun 
it is grossly misleading fr01 " JP' do ivitli psfdiological redundancy 

dancy tlius defined has ver) little sufficiency depends upon 

The point of psychological inf n Iias adopted and upon 

the strateg> of information u using the information contained 

the manner and rate at u uc c mcc more than a feu ps) chologica 
in instances lie is encountering utilizing instances with multiple 

experiments on concept a ai acc ount either the formal or t ic 

attributes have faded to 11 , 5l ,fficicnc} the matter is north 

psjchological pomt of mf° m „] llc h people will operate when 

noting in passing Tor t 1 .} t | icm „ not of the same order as 

insufficient information b jP „f .mtanccs has licon pennlltri 

their beliasior when a ^^'^"jclnptir 

them, as willlKi seen m the followan. 
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which you began exploring other exemplars of that interesting class 
of integers divisible only by themselves and unity So, too, we 
would expect that our hypothetical foreign visitor would be likely to 
take the first ‘positive instance encountered of an influential person 
and use him as a basis for comparison with new members of the class 
The use of such foci m concept attainment— usually positive instances 
although not universally so— represents one of the most direct and 
simple ways of reducing strain on memory and on inference “Refer- 
ence backward’ to the focus is perhaps what suggests that under 
certain circumstances the attaining of a concept is like the construct- 
ion of a composite photograph, although the image connoted is, we 
believe, a highly misleading one 

Indeed, after a concept has been attained, the process of keeping 
order continues by the use of two processes One of them is repre- 
sented by the phenomenon of the adaptation level the formation of 
a ‘ typical instance” of the category This consists essentially of 
summarizing all exemplars of a class that have been encountered 
m terms of typical or average values of each of the defining attributes 
ot the class For example, the subjects in the experiment of Bruner 
and Rodrigues previously described found no difficulty in setting a 
co or w ee to the typical color of an eating orange, less trouble, 
indeed, than they had m setting the extremes of the acceptable range 
TTc 0i a CIXte S° r y ls « then » the adaptation level of the 
. * I . , 10 e nin S ^tributes of the class, whether computed as a 
n ® _ geometric mean of instance values as Helson (1948) pro- 
a tvn,° r i !>V°T ° lh f Way A * typical orange,” for example, has 
sucK T' *> r P lcal sha P a . eta As Helson suggests, 

m L tr . r 0r typ,cal mstance permits one to evaluate 
exemplars in terms of their “fitness” m the category • 

attamedaUn m'r eSen, ‘ nS deVICe used *»« a concept has been 
typ,cai ,ns,ance ’ is the 

x alues of the defining i 'the concept m terms of idealized 
It is perhaps the hind* f* U v. eS an< * stn PP e( * of all noisy attributes 

re; rt r r XX : ht s i~ r sery ,hat Fis V (l9l6) t 

° Liujects as they move toward concept 

Identifying a „ Imlsnw m em bcr B rfT' c |2 ! 9 “ ) ,he importance of 

a rail fret reduces slgmlirantly its effect “ “ bein S Hged by 

tnbutiun 1 „ , hc a d, p , a „ on k ; cl o! , h( . * " ”? chor <»> fries or its con- 

* facta l„ idnptata loci phenomena is ditausSn a |c°, * “ 
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encounters with instances as compared with simultaneous encounter 
with an array of instances that are either laid out in an order y or in 
a random fashion These are problems that are not simply tec nica 
in nature They critically affect the manner in which concept-attain- 
ment behavior unfolds and they have notable implications for teaching 
practice as well How, for example, should one expose a stu en 
the bewildering array of instances that must be categorize in terms 
of the concents of geology or botany or any of the other classificatory 
sciences? And with respect to the conduct of scienti c researc , 
when the scientist has control over the instances eing s( - ru , 
or must depend on a random intake as the clinician must, w 1.1 is 
optimal way of ordering one’s contact with instances so a on 
test them for defining attributes? When a neuroanatom.st us. mg 
techniques of electrophysiology, attempts to co ate ie 
localization in order to map those brain areas assoaia e , t 
ferent behavioral processes, how shall he procee n “nositive 
Karl Pribram (1953), proposes that one pay attention on y P 
instances,” reported instances where a given area 
be related to the presence of a particular kind of b "boohys. 
either by the evidence of extirpation or t ie evi euce to 

ological activity Is this the best procedure? be so 

presented in later chapters indicates that l may on m 

The Nature of Validation. We have one’s 

Chapter 1 to examine the various s01,r< '“ ° tenoni by "official or 
categorizations by reference to a P™g Now we ’must introduce 
consensual validation, by co " s,st ™ J n m t ], e course of attaining 
the question of opportunity for ■ ^ h(jw soon lt occurs after a 

a concept the frequency of va , am biguit> of validation 

tentative categorization has been m a , „ . “wrong”), and 

(since it is not always clear whether , 

the extent to which the validation is ‘ „ 1VC subjects (he they 

Usually in psychological experi Jn a typical discrimina- 

animal or human) full knowlc ge ^ learn to make a distinction 
tion learning experiment, an i am ima jn ter nis of the pragmatic 

between, say, black doors and . throughahlc" or hlock- 

criterion of whether they are in t | ie aniunl learns v Inch door 

ed” If the correction method 15 “ for checking the wrong 

is correct and may also base an PP ^ nollc „rrection procedures 
door if he happens to try it t cJl , nc .. test one inst ince for 

arc followed, the animal at least j, |o<) |n cnc.pt attunimnt cxpiri- 
its positn e or negatne status um la- asked to gne his 

meats The subject ,s shown an 
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A critical question m determining the kind of strategies that may 
be employed is whether or not the person can control the order of 
instances he will encounter or whether they come to him under the 
control either of chance factors or of some external agency The 
difference can be cancatured as similar to that which separates the 
clinician and the experimentalist Let us say that each is interested 
m finding out what areas of the brain mediate ( 1 e , are defining 
attributes of) intact pattern vision The experimentalist goes system- 
atically about the task of extirpating now this area, now that, all in a 
manner dictated by the canons of efficient experimental design, until 
he arrives at the point where he is ready to publish his paper The 
c mician gets his cases as they come, testing for pattern vision and 
tor brain damage In principle (and if the clinician were patient 
enough and orderly enough to keep his records elegantly) there 
is no difference in the situations of the two men But in fact, the 
merence in behavior is striking It is not simply that the experi- 
mentalist has cleaner data” When the data are, so to speak, "cleaned 
“ ‘hey are in Chapters 4 and 5), the difference in the kinds of 
must ” ake Is even m ore apparent It is a matter 
Annthe 7 *7 lt Wlb recei ™ that in the appropriate place 
instances 7 Ca Ure 0 contr0 ' v 'irsus ’ no control ’ over the order of 
when one is en ™ unters ls whether or not one encounters instances 
,1 ! em In Hull ' s well-known study (1920) in 
radmals imbetlM ° f the conce P ts ba attained 

orders of nrese m pseudo Chlnese ideograms, he contrasted two 
cxtpltro“h°slr" g fr °T complex 

complex Simnlo „ A ? 6 exem P Iars » the other from simple to 
c S e . and COm P le ' “» defined by the number of what 
grouped When ST, COntained » exemplars to be 

tune to examine each k'emphr Ih ° nIy V*”* 3nd speclfied 

rates for the txxo procedures P n‘i lh f l, WaS " 0 dllference in succcss 

at their oxvn pace, “,f tach 1 ltaub ) ect a were allowed to proceed 
continued until the reaction to , f ‘ Vldua e, P erie nce m the senes is 
to the next, there is a distinct a/ P erfeated before passing on 
complex method,” (n 33 ) w ' dv “ nta g e in favor of the simple to- 
ot -nad, ness W the next mint- ' SCC m ° r ^ 5 lhat 
■norc readily , hut that it also [affects'll" 01 S ’ mply tha ‘ ° nC succceds 

g^selmii, the decisions roquet, ;tr nnCr " "”' ,Ch * 

and 'm,™ 5 Itl™' ‘V° <* «» — » 

the problem m 1 iter clnnters fn/n ’ an t d morc W,U be said about 
chapters— for example, of the effect of successive 
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available, subjects will turn to the group consensus as a basis for 
validation, even though the subject may be utilizing better bases 
for categorization than can be found m the consensus In the Asch 
experiment, for example, the subject is ashed to categorize the length 
of lines in terms of their height Given no validation by the experi- 
menter and given the fact that the group of which he is a member 
consists of "stooges” who are all primed to call out the wrong categoriz- 
ing answer, the beleaguered subject soon comes to adopt the group 
norm as the basis of validation and begins to change his own pattern 
of calls To be sure, Asch notes that few subjects were tricked to the 
extent of “seeing” length of lines in this distorted way But the fact 
°f the matter is that the actual categorizations made do suffer a 
marked change under these conditions If external validation on the 
actual length of lines had been provided regularly, it is dubious 
indeed that the effect could have been produced, although Crutch- 
field's research indicates that even with some external validation, 
susceptibility to consensual pressures varies widely from subject to 

subject 

Frequency is only one feature of validation Immediacy is another 
In human relationships one quite often learns to make and continues 
to make groupings of people and events m the environment wit 
considerably delayed validation Consider such categorizations o 
other people as “honest’ or “of high integrity or as a promising 
young man” Perhaps under the tutelage of parents and peers, we 
early learn to classify people as, say, “honest, ‘somewhat shi y, an 
"downright crooked’ on the basis of a minimum number ot denning 
attribute values We are often a long time finding out the va 1 v 
°f such categorizations if indeed we ever fully do e seeme 
a n honest man from all I could tell, and I must say m 
that ” xh e “seeming ’ and the validation may ^ e > ® ‘ ^ 

It is hkely that long delay m the validation of ones cat g ^ 
ferences also leads to undue reliance on those few cues muc j, 

past paid off predictively or to reliance u P on Cons J f , 0 f 

sa™ connection with reduced frequency 


the same manner discussed in connection 1 

validation If we are unable to check immediatei) uu> -. u ~~ — ^ thc 

Ration against a good external criterion, nonrational cues 

Vicarious criterion of consensus or to rely o onc rCC on- 

It may also be characteristic of delayed va i a attributes 

***** backward from the s al.dation to pass ,) Me < M " cmhcal „ 
that “might have been ” A man is sudden ) 01 ‘ |j w 0 f the com- 
"•ho for the last ten )ears Ins been accepted . P ^ to 

">>■".1). Immediately the “search backward begins 
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best guess about its category membership (usually to be indicated 
by a label of some sort), and then told the correct label Only in 
the test trials is validation withdrawn To test the animals’ concep- 
tua learning, new instances are introduced, say, a light gray and a 
ark gray door, in place of the black and white ones, and both doors 
r : e " UnatChed t0 See Whether the ammal learned the relational 

attainment g0mg t0 ?“ ker (or the h S hter ) door In concept- 
o her T experiments, the same procedure is followed Instances 

*ese he ? ‘ he 0 n S ,nal karnl "g are introduced and 

expert enter 'T ’f 1 ’ 61 be " efit ° C feedback from the 

' Much the S al t n ° W f ^ *“ IOle fr ° m tutor t0 that ° f tester 
being taught to A ^ P<> of P r , ocedure prevails when the young child is 
At first the L^ n r h the conee P tua ' entities of the environment 
this am *1 Then Th " “ eaCl> t,me the chdd ■* “posed to 
nameTand ifh? ,! * “ a Stage at whlch ** <=h.ld ,s asked to 

correct him EventuallTthe "',® ) ™ ,ldate V approbation, if not we 
validation by an externaKo C ' ^ COmes t0 °P er ate on his own and 
But there are minv n UtCe 1S glven on ty on an intermittent basis 
validation is neither so relTf m ev 7 yda y where the course of 
Help the strugghng attained of 1 ’ S ° benlgn ’ nor s0 wel1 designed to 
ma y m fact b^prlvS ,t Lav "^* 5 7“" may bo absent ’ 
is Indeed, it is often md , ^ , 6 S reat ty delayed and frequently 
of validating clearly, immedmf , and ambl g UOus as well The pattern 
of psychological experimentatin ^ f e< l Uenll >’' an d directly, so typical 
caveat of Brunswdf (19471 " d °“ n , ot b X an y means heed the 

representative of the life 1 . 7 P s y ch °logical research designs be 
generalized ‘(nations to which their results will be 

with nhich validation is^Slfdabk 1 ldat '°" ls s 'mply the frequency 
validation may have the effect r,t & Infre quent opportunity for 
cues that are considerably Iocs: , mcreasin g the reliance on preferred 
gonze aircraft silhouettes attornn^!* j Crtain ^ ir » learning to cate- 
checkable against external infomat.o'n'Th^n 11 ™' ™ not fre T uentl y 
learner to utilize excessively some ’ lb ? effect may be to lead the 
make a few successful identificaf,„ CUeS lh , at have permitted him to 
conditions of restricted opportunity "fori fa P1St ° ne may under 

utihzntion too soon and end with a 1 ^ ab dation stabilize one's cue 
efficient than nan-anted by the ^ °} Performance that is less 
reduced opportunity one may tTn CUes nva «>ab1e Or with 

lor checking ones categorizations r Somo otllcr external criterion 
ami Crutchlicld (1954) ,„d,c.atc tint f f Cr ' rnenls b y Asch (1951) 

’ correction is not readily 
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available, subjects will turn to the group consensus as a basis for 
validation, even though the subject may be utilizing better bases 
for categorization than can be found m the consensus In the Asch 
experiment, for example the subject is ashed to categorize the length 
of lines in terms of their height Given no validation by the experi- 
menter and given the fact that the group of which he is a member 
consists of “stooges’ who are all primed to call out the wrong categoriz- 
ing answer, the beleaguered subject soon comes to adopt the group 
norm as the basis of validation and begins to change his own pattern 
of calls To be sure, Asch notes that few subjects were tricked to the 
extent of “seeing* length of lines in this distorted way But the fact 
of the matter is that the actual categorizations made do suffer a 
marked change under these conditions If external validation on the 
actual length of lines had been provided regularly, it is dubious 
indeed that the effect could have been produced, although Crutch- 
field’s research indicates that even with some external vahdation, 
susceptibility to consensual pressures varies widely from subject to 

frequency 1S only one feature of vahdation Immediacy is another 
In human relationships one quite often learns to ma 'e an con 
to make groupings of people and events m the environmentv.th 
considerably delayed vahdation 

other people as 'honest or * ents an d peers, we 

young man Perhaps under the glutei J , ,P omewha , shlfty> - and 

early learn to classify peop'e ^ h mwmum numbe r of defining 
downright crooked on the basis finding out the validity 

attribute values We are often a 8 ^ do „ He seemc d like 

of such categorizations if indeed we e ^ j must sa y I’m supnsed 
an honest man from all I con ’ Ildall0n may be >ears apart 
that ” The “seeming and v1 , ldall0n „f one’s categona! m- 
It is likely that long delay in m tI)0se f e « cues that have in 
ferences also leads to undue rc , j, a ncc upon consensus in much 
the past paid off predictively or to w|(h reduced frequency of 

the same manner discussed in conn cdia(c )j ot , r bases for classi- 

vahdation If we are unable to cue ^ ar c readier to me the 

fication against a good external cr • n ra(hcr nonrat.onal cues 
vicarious criterion of consensus or t z iaIlda t,on tint one recon- 
It may also bo characteristic of cl ^ , b!c defining attributes 
structs backward from the dcnl) found to be .an embezzler 

that -might have been ' A man « « 'fa „ 0 p ,lbr of the com- 
who for the last ten )cars begin. « "e by to 

munity Immediate!) the s 
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recall signs that might have led us to infer correctly that the man 
was going to behave m this way The eventual effectiveness of the 
search backward" will depend of course on what was called in the 
last chapter the ecological validity of labels More likely than not, 
the cues that are honored m the consensus of folklore will be “found ” 
He did, after all, have shifty eyes,” or ' He did act rather too piously 
and one does well to suspect that sort of thing " Or a factor of vivid- 
ness wi 1 operate That facial tic probably indicated a not very bal- 
anced person ’ 

It is rather unfortunate that one must treat the subject of delayed 
va i ation y reference to intuitive examples from everyday life, for it 
eeins apparent that it is a nch area for systematic psychological in- 
q uuy The psychological literature yields little on the subject 
vnlirlnf Same f COm ^ amt can ma de about work on the ambiguous 
ImiZ L w teg0rial l " ference Ever y da y life abounds with ex- 
nonexistent \v ^f ature ex P en mentation on the subject is virtually 

take the heav 1 1 ° Ut "? eai ? ln S to be flippant in illustration, we may 

of examples ‘ Colder “ P™ 6 Startmg gr ° Und 

one of the nrm i 6 ^ sberman who is “learning” a stream, 

»“ t^;rtCs !>0 o n n Ts of t wh,ch vr n ' ng ,o his 

testing of mstnnppc r taiS stream and those that are not His 

whether the particular flVhe a S “ ies of casts and determining 

1- .s serious aboutfm u “L"? .« flsh 


he is serious V.7 “ 3 ^ 7* usin S WlU or will not raise a fish 1 
emerge with knowledge^!! « °^ eCt ‘ V ® m learmn S 15 “> be “hie “> 
dark color, cast slurbtlv » ,? mal P attern tied sparsely, of a 

tenon) on Yellow, a^ket BroV^O ""d take , fish (the P resumed cn 
tion and what makes fnr i_ ^ onsider what is involved m vahda- 
when fish will rise to am JS UOus validation There are some days 
cigarette butt There are^th*^^^ *° and incdudin g a discarded 


cigarette butt There a ^ U P to and including a discarded 
that is offered Somewhere vll ^ l_ Vllen fish W,H rise for nothm g 
conventional phrase the ft if Wee ? 1 tbere are da ys when, to use the 
1 .. nsn are feerhnrr »> it.i.j.!. 


eunvcntional phrase the fi h " aic u »ys wnen, to use rne 
under these variable cirmm!* *** , dm S selectively ” Validation 

get a strike on a mrtie., 1 -,^ n. tances , 1S bard to estimate Is failure to 


get a strike on a particular flv - j " “““ 10 estimate Is failure to 

°r s ™F'y <hat no fish arc fwdtnE th^'l’ 11 ^ 15 “appropriate 

the flv liserl ic ... ? that day? Does a strike, menn that 


, I '“V 11V U 1I1UUU1UIJ11UIV 

tkc fly used is in the cateron-Tf D ° es a stnke mean that 

striking at everything offered? kCIS or S1 “ply that the fish are 

The essence of ambiguous 

pros ides uncertain information as tl" ‘ S ' hat the val ‘datmg criterion 
come about in one of tu o « at s Tl a ' Iam P , ° ) ,,sl “ted Tins may 
tt non— whether a pragmatic one tInf ,he validating cn- 

turm out to hale a prob dnlistic relation^"'. °'.’ C ' ° r w1 "* n0| - ,tsc,f 
nslnp to the concept Take the 
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category “mentally ill” as a case in point. We seek prognostic signs of 
mental illness that may prove useful in predicting mental breakdown. 
Part of the difficulty in fixing upon useful anticipatory attributes of 
this sort is the difficulty of finding a validating criterion. Admission 
to a mental hospital? Clearly not, since many severe neurotics spend 
their lives without going into a mental hospital. Going to a psy- 
chiatrist for treatment? Again, the validating criterion is not certain 
for many people seek the aid of a psychiatrist in times of personal 
troubles without being seriously ill and a good many neurotics avoid 
the psychiatrist on principle. Under these circumstances one is faced 
with a category that is clearly accepted as existing y t e socie y a 
large but about which there is a lack of full agreement concerning a 
properly valid criterion. As frequently happens, t le consequences o 
the decision as to whether a particular person is or is not mentally il 
are extremely grave, as in establishing responsi 1 1 ) or 
when it must be decided whether a will is valid 01 ' non Under th se 
circumstances societies maintain official organs g- 

must have recourse to a court of law. , , v-nd-nine 

A second condition of ambiguous validation is when the vahda mg 

the absence^ a strike protide“ sure information on whether or not a 

particular fly is a “taker”? the process of conc ept attain- 

The effect of much as we have described 

ment and concept utilization i mj for or dcIay in validation, 

it under conditions of reduc PP ^ thing (o catch are not 

Quips about the £s ^™ he ^ ul t Lillion-dollnr fishing-tackle industry 
without justification and t factore that affect the fisherman, 

is a tribute to the range . an d experts alike concerning the 

The contending claims 0 ' menta i ai lments bespeak the same type 

predisposing factors lead 8 con ditions associated with a catc- 

of failure to pin down the de “” ”g eIf ambigllou s. 
gory whose validating criten (!orin „ validation. It has to do with 
One last matter remains m direct test we mean the chance 

“direct” and "indirect va ■ ^ an ( , xcmp i ar G f a category ir. Tlic 

to test one's hypothesis mcan t by the concept "cat.” All 

child is seeking to ^ ( j savSi That's a cat.” The parent says 

animal comes along. 


"The child savs, Thal’s'a cat.” Tlie parent says 
In cither case, a direct test of the hjpothesis has 

been made. Ail bid- 
child says, “Oh, tliats not a c. t. 


cither "yes” or “no. . In e:lil * rr *1 conrS c, is the case in which the same 
* i indirect * c • „ A in t ] ic p arC nt will answer in the 
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affirmative or negative. But the child’s hypothesis about what a cat is 
will not be tested directly, only his residual hypothesis about what a 
cat is not. Note that this is not a matter of positive and negative in- 
stances. It refers to the direct or indirect test of an hypothesis, re- 
gardless of the negative or positive status of the instance that occurs. 

Consider a simple experimental procedure used by Goodnow ( 1955a) 
in which the subject must bet either on the left key or the right key 
of a two-armed bandit.” He has an hypothesis that the right key will 
pay off. Each time, one or the other key pays off, so that which ever 
way he bets, he will know which one was correct. The subject has an 
hypothesis that the right key will pay off on the next trial. Under 
these circumstances, subjects prefer to “act out” their hypothesis by a 
choice of the right key, even though in doing so they risk losing by 
virtue of the fact that they have learned the left key does in fact pay 
off m of the time. To bet on the left and find that the right key 
paid off does not give you the same information” as a straight choice 
o right, as one subject put it. We suspect that such indirect valida- 
tion is more difficult for the subject because it requires transformation 
of information and risks the making of errors. Though the trans- 
ormation is not great, the urge to avoid indirect tests may often lead 
to risk in the interest of making more direct tests. We will see later, 
par icu ar y in Chapter 7, that under many conditions this feature of 
a i a ion can e a critical factor in determining decisions about what 
instances to test next. 


I„rn° T. 1 ’.’ l ^ n ' fot problems raised by the nature of validation. We 
events in n° ? critic al question of the consequences of categorizing 
Citernrv an I ° *" anot ' ,er while one is in process of learning a 

beine nse'tl f ° ” 1 ? arnl "S has been completed and the category is 

being used for grouping environment. B 

alrVadv be™ ( , Co "f c< ?" cnc «< of Categorizing. The point has 
ceived of as the mat,-' 3 ' Carnm S a ne ' v category can be fruitfully con- 
Thcsc decisions include such m “tm 1 se 9 uentiaI decisions. 

'Vhat hypothesis to adopt ncxT It is '1 1 . nstance ‘° test next or 

relations between dUbtoiTand'rtm^'^^T make ab ° ut 

lint assumption, alrcadv implidt n muchrf' th COns ! q “ J ha 
is that noli ctr-n * r 1 much of the previous discussion, 

or decision between altcmSeTteps" r . Cgardcd “ ° 

consith^the cxpccted^ 0 ^ C ° nSC< ^ tl ^ laCs ^ ^d^bkjn’i’tfc'nec^^iy'to 
consider the expected consequences not only of the step taken by the 
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decision-maker but also of the step he did not take The third as- 
sumption is that the expected consequences of a decision can e 
analyzed mto two components The first is the estimated likelihood 
of occurrence of alternative outcomes The second is the wue p ace 
by the decision-maker on anticipated outcomes So muc y way o 
introduction We turn now to the application of these notions, taken 
principally from outside psychology, to the process of categoriza ion 
Consider first the question what are the outcomes which have vau 
for an individual in a concept attainment situation n ow 
the individual’s performance reflect the value to him o cer am 
of outcome rather than others? .v 

Which particular outcomes are valued depends essen la y p 
objectives of the individual Take as an example the objective of^at 
taming a concept after encountering as few ins anc ^ b t 
This ,s a common objective guiding subjects m their decuuon abou 
instances to test and hypotheses to try o* We a , 

this objective before them by insisting say t0 a sub- 

tamed within a limited number of choices ( (o discover the 
ject, often without realizing the consequen > p roce dure we 

nature of the concept as quickly as you can y ^ mmce mattm 
are telling the subject that each enc bc extrac ted from each 

and that as much information as possi whether or not they are 

Suppose one is testing instances to n as f or exam p]c in the 

exemplars of the concept one is trying experiments to be con- 

Vigotsky Test or the procedure 5 use 1 inS fmcc at the outset that 
sidered in later chapters One c 100S . say> six attributes The 

turns out to be positive It e^* 11 1 s v ‘ “What kind of instance to 
next decision to be made by the person 

test next?” .. „ rruC ial one Concretely, shall the 

This decision is informationally • ca]Iy different from the first 

person choose an instance t a 1 . ] ie choose one that di ers on y 
positive instance encountere , or ovcr \vorked foreigner n me 
slightly? If our by now t ^ ^ Pro testant and ag- 

first an influential person who ' • *ho is o\cr 50 hut poor 

gressive, should he now a second case for testing « ho 

Cathohc, and meek? Or s n scc 10MM d».c1y A* (k» 

Is a fair similarity betwee Arrow. 19^0 f .{, c arguments of hnfeht 

economic theories of choice cf ^T^ciallj „,, 0 T PP car to m to be 

stimulation from such thcor , xf-irschah am i’ decision mating 

(1921). Shackle (1940). « "features of cho.cc and 
most aware of the ps>chologi« 
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differs m only one respect from the original influential person encoun- 
tered? Let us suppose the individual chooses as his second instance 
one who differs m all respects save one from the previous positive in- 
stance This is a desperate measure in the sense that, should the 
instance chosen turn out to be negative, it will provide the individual 
with little or no information He will not know which one or ones of 
the many attributes changed made the instance negative If, how- 
ever, the instance chosen turns out to be positive, then in one fell 
swoop the individual will have learned that only the one attribute left 
unchanged really mattered as far as influence is concerned— a very big 
yield indeed 

In contrast, whit are the consequences if the individual chooses as 
the second instance to test one which differs m only one respect from 
the previous positive instance? Whether it turns out to be positive or 
negative, one is assured of being able to use the information it pro- 
vides If positive, the one attribute changed does not matter, if nega- 
tive, the one attribute changed does matter Whatever the result, 
lowever, only one attribute will have been checked If there are six 
or more attributes which may be defining, the task of solution will 
barely have begun 

Faced with the need to attain the concept within a limited number 
ot instances encountered, which step will the individual take? Shall 
ic c loose as us next instance one which differs in all respects save one 
rnsnJ 5 C P , rCV ‘.? US P osl '" e instance, or one which differs in only one 
sure method? 0 ^ " 0r< * S ’ W *^ a c ^ ance or adopt the slow-but- 

denends n ^r. ,I l S l Ch “ ,? Uest,on - d >e reader will surely demur “It all 
out to ettlCr the lndlvl dual expects the next instance to turn 

Iiheli to 1 P t "° or negative ' If he thinks the instance is more 
choose a sccnml ^ 1 *** more P rone to take a chance and 

nontne onT n “," ,h,ch dlfI ™ “ g™t deal from the previous 
v.li he morcnronV,, ‘ l * VCr >’ I,kel >' ‘° he negative, then he 

differs little from . 1 ° 1 c dl0 surer step and choose an instance which 
the Text “h,5r P T‘ 0US P ° S,,, ' G lnStance As shall see in 

tivc steps Tlie nrev 1S ro ", our s,| bjccts do decide between altcma- 

21 ’ t , ,£nored f ° r ,hc — w ° 

the decision made rests upon a rtsolut° P °T ‘ "’ C s,t P , la >- en , or 

-*• 
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We wish now to talk about consequences in a more genera] and some- 
what more formal manner. As our contest, we take the case where 
the individual is presented with a choice of placing an object or event 
in one category or another under conditions of uncertainty, and we 
consider the consequences of placing the object or event in each cate- 
gory and being right or wrong in one s placement 
The basic device in such analysis is the payoff matrix Suppose we 
start with as simple an example as possible a psychophysical experi- 
ment in which a series of lines is being presented, each to be cate- 
gorized as ‘long" or "short” The subject at the outset is given a 
reference line, 10 inches in length, all lines longer than which are to be 
called "long,” all lines shorter to be called “short The subject is told 
to be as careful as possible He is told, moreover, that for every four 
short lines presented, there will be six long lines The matrix can be 
specified as follows 

Anticipated Events and Outcome Values 
Longer Than 10 Inches Shorter Than 10 Inches 


Categorize as “long” 

Good 

Bad 

Categorize as “short” 

Bad 

Good 

Estimated likelihood of 

0 60 j 

0 40 

events 

1 



In this “accuracy” ™ atr ‘ x ‘ l e 0l ‘.“ correc tly a line as “short” is as 

category are balanced a 6 „ Bot j, correc t categories 

good as correcdy categorizing nc^t ^ eementJ are equally „ega- 

are equally valued, and b values are balanced, we would 

tively valued Since the ° u , event probability would be the major 
expect to find that estimat th ere JS uncer tainty We would 

factor biassing judgment w ca lls of ' long,’ since he has 

expect the subject in case ° f “ ou , kel 

been told that long lines are ® accuracy matrix with its balanced 
The fact of the matter is eraI whiy interesting matrices that 

outcome values is only one o us consider what the prob- 

may govern categorizing eas ya j ues c f placement in either category 
lems are like when the ou co a ma trix that we have come to 

are not equal There is, 0 sQ jHustrated by the plight of 

call a “sentry matrix ecau sentr y is standing at his post It is his 
a sentry m a combat zone m tlie dark as friend or foe 

task to categorize oncoming 
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Enemy intelligence and reconnaiss mce have been so good that enemy 
and friend alike now know the password and it can no longer be used 
as a basis of discrimination The sentry estimates that the chances of 
any given figure being friend or foe are 50 50 Two alternatives are 
available to him He may categorize the approaching figure as a foe 
and open fire Or he may categorize it as a friend and hold fire We 
represent the matrix as follows 


Anticipated Events and Outcome Values 


Decision Alternatives 

Foe 

Triend 

Categorize “foe’ and fire 

Alive and highly 
regarded 

Alive, regretful, but 
duty fulfilled 

Categorize * friend” and not 
fire 

Dead or wounded 

Alive, but feels both 
lucky and neglectful 

Estimated likelihood of events 

0 50 

0 50 


This is a matrix where the events being equally likely we can expect 
the decisions to be biased by the unequal outcomes of placement in 
t e two categories If the sentry categorizes an approaching figure 
as foe and is correct, the outcome is highly favorable (alive and highly 
regar ed), if incorrect, the outcome is not too bad (alive, regretful, 
ut uty fulfilled ) If the sentry categorizes an approaching figure as 
nen an is correct, the outcome is middling in value ( alive, feels 
oth lucky and neglectful), if incorrect, the outcome is highly unfavor- 
° ea or woun ded) The outcome values are all in favor of 
c'x egonzing an uncertain figure as foe and acting accordingly It is 

* ' V ? n er 1 at sentries are regarded as so dangerous to men re- 
turning from patrol b 

wWn T C ^° Sen so * ar two sim ple cases of categorizing decision one 
f’"* r °“<comc values are balanced, and there the dif- 

T 6 probabilities sway decision, the other, where 

f , ent P rob obihtics are balanced, and where differences in 
cases In IT T ,T ,S10n ° ne need not be bm.ted to such sunple 
\alurs ar g Tf ’ ^ argument can be made that, when outcome 

s alucs are equal for placement in one category or another categorizing 

rsZTitT C T POnd ,he -pecedtvent probtb 1 tfes, and 
Wed IT TV TT ec ^ ua b categorizing decisions will be 
mental St 1 ‘ T ° f , ,he most fa 'orable alternative Expen- 

T? T. , g " ,1S argument will be found in Chapter 7. 

It must be noted, houescr, that we are always limited to statements 
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about the direction that bias will take as long as we remain on the 
descriptive level We can make no predictions about the amount of 
bias or departure from expected event probabilities that will occur 
Predictions of amount call first for replacing our descriptive statements 
of value with numerical statements Once such numerical values 
have been assigned, one can follow the traditional mathematica tec 1 
mque of multiplying outcome values by probability estimates to o tain 
a measure of “expected utility,” and one can also argue or a genera 
principle such as “maximizing utility to determine wnci a terna ive 
should be chosen There are, however, a number of problems in de- 
termining how the expected values of an outcome or any given in 
vidual can be quantitatively stated Again, these q«estions are more 
fully discussed in Chapter 7 For the moment, we wish to anticipate 
the discussion only to the extent of stating our general conclusion 

This is that we are not prepared 1 * anticipated con- 
formal or mathematical model to p e ^ ^ be sahsfied 

sequences on categorizing jndgmfflrt ^ ^ psydlo . 

with less precise pred.rt.on “^tually underlie any model The 
logical questions which must eve ^ the 0 , )jectiv es determining 
most important of these ques on md.vidual’s estimate of 

outcome values and the conditions attecnng 

event probability mnrPDt of a payoff matrix is a useful 

For all its present limitation th P, „ P ^„ts problems that 

and a suggestive one In tn r h h S1CS , conce med as it is 

have far too long been overloo c . ou ld well be reexamined for 

with the categorization of magm , ’ and i^eliliood estimates affect 
the manner in which outcome v^ o , thereby be brought much 

categorizing behavior Itcou , , j einever ydiy situations 

closer to the judgmental be le P consc qiicnccs tn terms of payoff 

Analysis of the effects ot an hetxxccn motivational states and 

matrices may also sene as a ‘ ^ m Jut )g, n g 1S partially 

judgmental behavior SpeC ‘ A „’ we ma> benefit b> examining the 
descnbable m such terms g _ One example is the person- 

judging acts that prevail in evev ', lc0I)ts ,nto “acceptable" and "un- 
nel officer who must categon on , y „j lcn j m inconcct cate- 

acceptable” groups and " ho nC as acceptable a man who later 

gonzntion takes the form o school provide another cx- 


j, i r c rlassjnu i 

gorizntion takes the f 0 ^ 1 * nr oeTCSsi\ c school provide another cx- 
fails Tlie practices of 1 l dc § for !us correct categorizations only, 
ample, there the child * ^ Sltint mn in the basic training camp 

the others being ovcrlookca are noted and punished correct 

is jet another example only * ^ ^ walu into an experimental 
acts are overlooked 
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Enemy intelligence and reconnaissance have been so good that enemy 
and friend alike now know the password and it can no longer be used 
as a basis of discrimination The sentry estimates that the chances of 
any given figure being friend or foe are 50 50 Two alternatives arc 
available to him He may categorize the approaching figure as a foe 
and open fire Or he may categorize it as a friend and hold fire We 
represent the matrix as follows 


Anticipated Events and Outcome Values 


Decision Alternatives 

Foe 

Triend 

Categorize “foe” and fire 

Alive and highly 

Alive, regretful, but 
duty fulfilled 


regarded 

Categorize 1 friend” and not 
fire 

Dead or wounded 

Alive, but feels both 
lucky and neglectful 

Estimated likelihood of events 

0 50 

0 50 


This is a matrix where the events being equally likely we can expect 
t le decisions to be biased by the unequal outcomes of placement in 
t e two categories If the sentry categorizes an approaching figure 
as foe and is correct, the outcome is highly favorable (alive and highly 
regarded) if incorrect, the outcome is not too bad (alive, regretful, 
ut uty fulfilled) If the sentry categorizes an approaching figure as 
, a ? 1S correc b the outcome is middling in value (alive, feels 
both lucky and neglectful), if incorrect, the outcome is highly unfavor- 
a e ( ead or wounded) The outcome values are all m favor of 
categorizing an uncertain figure as foe and acting accordingly It is 
small wonder that sentries are regarded as so dangerous to men re- 
turning from patrol 6 

wh^ C 'T G cbosen s° ^ ar bvo simple cases of categorizing decision one 
where the expected outcome values are balanced, and where the dif- 
” " ex P cct «l event probabilities sway decision, the other, where 
outcome T , pr0b ? b,Ut,es are balanced, and where differences in 
ca cs T„ V S n mS,0n 0ne need be banted to such simple 

values are c g qual for placemernmor" Y ^ oulC ° me 

fWfcmnc ” I 110111 ln one cate gory or another, categorizing 

wW u T P ° nd ,0 ,hc event probabilities, and 

11 f v e , a Uas arc nat equal, categorizing decisions will be 
l' d ' r of , lhe m <*t favorable alternative Expen- 
mentnl studies supporting tins argument will be found m Chapter 7. 
us 0 no c , lowevcr, that we are always limited to statements 
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use of the dramatic instance as a basis for arm ing at the definition of 
a C °ucept, o\ crcxtrapolution of attributes found useful m the past with 
a ^ a *lurc to adopt an adequate information-gathering strategy— these 
and various other lapses from cognitive rigor are more notable 
fn the end, the question reduces to one of choosing a mode of at- 
tach that is appropriate to the restrictions imposed b) the conditions 
of work provided The point is a simple one and an obvious one 
Its importance for conceptual activity will be apparent 


THE following chapters 

We have perhaps strained the reader s patience by lingering so long 
m these opening chapters on the various ramifications and the condi 
tions affecting the process of catcgorial inference Our justi cation is 
threefold Firstly, wo wished to make it as clear as possible ! tb f 
task of Isolating and using a concept is deeply imbe e m e 1 
of cognitive life, that indeed it represents one of the mos 
of mferent.nl activity in all cognitnc life Secondly, it ™soi, wish 
to develop m some detail the great functional uti i y fherole 
activity , h0 adjustment of organisms to their 
of categonang m the economy oi : been t0 sketch m 

fin%, perhaps of most importance our ° b l tlcalI y rational or 

outline some of the processes involved P 5 and events 0 f 
effective behavior Organisms do gioup ^ (hey do s0 Wlth 
their world into pragmatically useful con p ^ ce j e b ra ting the 
regard to reality constraints Psschoogy d es • in behavior for so 
role of "emotional factors” and ' unconscious with his world has 

long now that mans capacity foi r.itiona s j 10 ws its head only 

come to seem like some reside d capaci ^ exquisite forms of 
when the irrational lets up To accotin ^ ^ may see ln our 
Problem solving that we see m every subjects something more 
laboratories any time we choose to gwe . b j y sim plified theories of 
challenging than key-pressing to P eric “\’ concep ts by the association 
learning have been invoked One le , ahng stl miih either by some 
of external stimuli with internal me ■ fcy a rather circular and 
S1 mple law of frequency or cont.gm y ^ portraye d conceptual 
overbegged law of effect If vl0 perhaps be excused on the 

behavior as perhaps overly l°g ,ca ' W , B opposite Man is not a logic 
ground that one excess often breed S i m ahing deeisums and gathenng 
machine, but he is certainly capxWeo Qn hls I earning capacity 

information in a manner that re 

‘fan we have been as yet ready mil center on a series of 

In the following four chapters 
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room, he imposes a payoff matrix on the situation the experimenter 
presents to him and often the experimenter needs to set him straight 0 
The Nature of Imposed Restrictions We end with what may seem 
like a trivial problem m comparison with the one just discussed the 
restrictions imposed upon concept-attainment strategies by the nature 
of ones working conditions But in fact, the topic is anything but 
trivial Concretely, for example, does the individual have to work 
toward concept attainment without such external aids as paper and 
penciP Does he encounter instances visually and concretely or must 
he work entirely from verbal descriptions of instances' 5 Are the in- 
stances with which he must cope concrete and palpable such as the 
stimulus cards of the psychologist, or are they abstract and only to be 
in erred like the data of the modern physicist- 5 These are among the 
things that comprise the conditions of work that impose restrictions on 
the manner of attaining a concept 

A few words about the problems involved will suffice to introduce 
ie su ]ect and to foreshadow later chapters In so far as one is forced 
o operate entirely in the head' in solving a concept— on a “mental 
pro i em rather than one m which concrete instances must be sorted— 
ones method of proceeding may have to take into account the added 
strain in some way or other One may literally have to throw away 
rlnr. an P roceet ^ more slowly if one is to succeed at all In- 

formal n^u ^ Cert f ai , n strategies of concept attainment that are “in 
restriction y ^ astef V 1 but which make it possible to work under a 
been ' C ° ndltl ° n 3nd We sha11 **n to these shortly It has 
people who^h-? 116 ^ 06 ^ Stuc ty in § the behavior of our subjects that 
where svsterm «f een , tram ^ m mathematics and theoretical physics, 
alone a lot nf f C ° n ensed notat, °n make easy the task of carrying 

dy a r pt sLtions to —h 

the impositions they unhe upon m ” ’ Ca " n ° t SUCC6ed ^ 

from°thi; 0 iise n nf 0 t b t SUte ’ ln ! IIect,vencss in concept attainment derives 

not u dlTfult r TS tHat are to ° °f information and do 

not utilize ful ly enough the cognitive capacities of our subjects The 

Green ( 1035) His ^biects'oi^'T'r^ m “ recenll y reported experiment by 
when a positive exemplar of i !!!!” ° m a ^ lnt t Skinner box situation where, 
as they ^u!d get £ tL ** 1ppe '' tcd "'V ™ W « oftcn 

to l>c warned not to hit the Uv wr”' 1 ” soon d,scmercd tlwt subjects had 
there rra, no pciulli for dome so n ” “ 1,ono ’ t ™tp'u "VS sborrn So long M 
my elnnoes one mlg/,1 I« rrrong ° n ’’"r pr ”’ c, P , ° of tak ' nS 

exemplar " out nn Instance that seemed like non 
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Selection strategies 
in concept attainment 


'^Vienever one seeks to “find out some- 
^ in g»” one is immediately faced with deciding upon the order in 
which to make one’s inquiries It is commonplace to remark mat 
some orders of inquiry are better than others We say o a scien is s 
research that it is a beautiful senes of experiments, or of a la ^ er ^ 
he has mastered the art of asking questions It is with t le ore ering 
■nquiry, the steps m research or testing, that the present c iap 


concerned , , h . 

We begin with an example A neurologist is mtereste 
localization of pattern vision in monkeys More specifica y, 
interested in six cortical areas and their bearing on pattern VIS j 

knows that, with all six areas intact, pattern vision is un P 
With all six areas destroyed, pattern vision is absent Hi ^ 

°f research is extupation In planning his researc , 
proceed? Destroy one area at a time? All but one at a time/ 
what oider shall he do his successive experiments or der 

The prime question is ‘ What is to be gained bye o g 
as COl «pared to another order of testing instances » 0 obtain 

The first thing to be gained is, of course, an ?PP One ma y 

formation appropriate to the objectives of ones i 9 attainment 
Wish to choose an instance at any given pomt ^ ^ 

a t can tell one the most about what t P ^ an ins tance 

^ a y seek to avoid redundant instances, or may w the chmce 

0r reassurance It also happens tliat at di eren P nfc jn f on nati\e 
se quence negative and positive instances possible for a 

Va me By choosing instances in a certain or ’ ye or a positn e 
person to increase the chances of encountering absurd, 

stance when he needs them This may seem at firs 
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several dozen experimental studies of concept attainment and concept 
utilization, the result of a three-year program of experimentation con- 
structed to help us understand what is involved when a person learns 
to group discriminably different things in his environment into equiva- 
lence classes and to recognize new members of these classes without 
any further learning. 
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IDEAL SELECTION STRATEGIES AND THEIR BENEFITS 
We concentrate m this chapter on conjunctive concepts Let us 
set before a subject all of the instances representing the various com 
binations of four attributes, each with three values— specifically, all 
the instances illustrated in Figure 1— an array of 81 cards, each vary- 
ing m shape of figure, number of figures, color of figure, and number 
of borders We explain to the subject what is meant by a conjunctive 
concept— a set of the cards that share a certain set of attribute values, 
such as “all red cards,” or “all cards containing red squares and two 
borders”— and for practice ask the subjects to show us all the exemplars 
of one sample concept The subject is then told that we have a 
concept in mind and that certain cards before him illustrate it, others 
do not, and that it is his task to determine what this concept is We 
will always begin by showing him a card or instance that is illustra- 
tive of the concept, a positive instance His task is to choose care s 
for testing, one at a time, and after each choice we will tell mm 
whether the card is positive or negative He may hazard an iypo 
esis after any choice of a card, but he may not offer more t ian one 
hypothesis after any particular choice If he does not wish to otter an 
hypothesis, he need not do so He is asked to arrive at the concept 
as efficiently as possible He may select the cards in any or er 
chooses That, in essence, is the experimental procedure 
There are four discernible strategies by which a person may pro* 
ceed in this task These we label the simultaneous scanning strategy 
the successive-scanning strategy, the conservative focusing ’ 

and the focus gambling strategy Let us describe each off these 
hneHy and consider the manner m which each bestows upon its users 
the three benefits mentioned previously , ^ . com . 

Simultaneous Scanning In the present arra) igo jjf. 

posed of instances that may exhibit any of three va u , ns t a nces 

f «ent attributes, there are 255 poss.ble ways of ff roup. 5^ 
i 1 * 0 conjunctive concepts A first positive car ® positnc or 
~ 40 of these, and the informational value o Ascribed in terms 
n ®gative card thereafter presented can similar y ^ simul- 

® *bc remaining hypotheses that it logica!l> e ,rn,na ac j, , n stancc 
lne °us scanning consists in essence 
countered as an occasion for deducing " )T lin{ r stntcp. 
which have been eliminated This is a ig > i iy p 0 thcscs and 
for the subject must deal with many independent 


^rry these 


in memory 


Moreover, the deduct., c process is 


exacting 
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for how can a person choose a positive or a negative instance before he 
knows what the concept really is? Later, we will see that certain 
strategies guarantee that within a set of choices a person can assure 
such an encounter To sum up, controlling the sequence of instances 
allows the person to ensure that the instances before him contain 
appropriate information 

A second benefit inherent in controlling the order of instances tested 
is to increase or decrease the cognitive strain involved in assimilating 
tnformatton Ideally, instances should be chosen for test in such an 
order that whatever their potential informational value and whatever 
their status, whether positive or negative their information can be 
assimilated without undue strain on memory or inference There are 
several ways, as we shall see, in which the assimilabihty of information 
may be controlled by choosing instances in a certain order A well 
contrived order of choice-a good “selection strategy’ —makes it easier 
to keep track of what hypotheses have been found tenable or unten- 
able on the basis of information encountered We shall have a great 
c eal to say in later sections about this feature of selection strategies 
A third advantage is not at first obvious By following a certain 
order of selecting instances for testing one controls the degree of risk 
mLo vc There are conservative orders and highly speculative ones 
nc may test instances in such an order as to guarantee that the con- 
cept will definitely be attained after a certain number of choices But 
one may a so choose instances m an order such that there is either the 
c nnee of very rapid attainment with good luck, or very slow attain- 
who rnnM a ^ n 8 a fi ier ’ *s within the power of the person 

samp tnlp° S r ° r Cr m W ^ 1C ^ Wl ^ select instances And by the 
same token, a safe course may be chosen 

then- user; ****** ****&* beSt0W three Partial benefits upon 


° a^pmprmUMnfomation^ 00 ^ ^ mslances encountered will contain 
of Sfomaho!i CSS Stramful lhe task of assimilating and keeping track 

admhonTfT t0 an ™ m ' mUon of the conations that affect the 
S Z „ $ CCll °, n StratC S lcs ' " c »»»* tot examine four 

the benefits just described' 1 ^ 1 IC5PCC ' '° the,r uscfu,ncss ln ach,c ' ln S 
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has enough time to do so), he will be able to make a wise decision 
about how nevt to proceed The decision is important, for it will 
determine whether he will be able to sohe the problem with one 
more choice, if these were expensive experiments rather than simple 
tests of the status of instances, the difference might be critical But 
it is quite obvious that most human beings cannot or will not go 
through such an elaborate analysis of the situation in order to deter- 
mine their best next step Indeed, if there had been ten hypotheses 
still remaining m our example, the paper and pencil work involved 
in assessing next moves would lnvc been prohibitive So we can 
sum up by remarking that while it is possible in principle for the 
person using simultaneous scanning to plan the best next step, e 
task of guaranteeing maximum informativeness of a next choice is in 
practice too difficult to accomplish f 

With respect to rendering easier the assimilation and retention o 
information contained in instances encountered, simultaneous scan 
nmg has little to recommend it After each choice the su iject mus 
go through the difficult process of deducing which hypothetical co 
cepts have been eliminated and carrying the result of these deouc- 
hons in memory There appears to be no means w iere iy si 
taneous scanning can reduce this heavy load on inference an 
ory , 

Nor does simultaneous scanning provide a way of regulat g ^ 
riskiness of one's next choices— no practical way, at eas a 

leave the matter at that, hoping that it will become muc 1 ^ g 

later section The best one can do is to compute the r 
ehoice by the method just outlined . q S1 nele 

Successive Scanning This strategy consists m 8^ 1S t he 
hypothesis at a time The subject has the hypo esi contaim ng 
eature common to all correct cards and chooses in ^ on 

re d in order to test whether they are positive ms anc ty pj C al suc- 
testing hypotheses until he hits the correct concep j t prom de 

eessive scanner then limits his choices to those instances V 
° direct test of his hypothesis f choosing m- 

Now it is quite apparent that such a tec mq instan ces con 
Ranees cannot assure that the person wiU encou ^ sin ce in - 
ainmg the maximum information possib e 1 tixne, one is likely 
stances are chosen only to test one hypothesis ^ wh ’ ich has been 
0 choose logically redundant cards some ea u ^ point more 
Us ® d before to test some previous hypothec ^ dlScon tinuity 

WlU be said later, for it is evident that this is 


111 leai 


‘rning 
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If the subject is able to follow the strategy successfully, his choice 
of next instances to test will be determined by the objective of ehm 
mating as many hypothetical concepts as possible per instance chosen 
Suppose, for example that a subject m our experiment has narrowed 
the possible concepts down to three the concept must either be all 
red cards, all cards with circles , or all cards with red circles Prior 
choices have eliminated all other hypotheses Since we are dealing 
with an ideal strategy here, let us also assume an ideal subject a 
su ject with perfect rationality and perfect discriminative capacities 
Such a subject would certainly know how to avoid choosing redundant 
instances that eliminated no hypotheses By choosing a card for test- 
ing that contained at least one of the two features, circles or red color, 
he would guarantee that the next instance encountered contained ap 
propnatc information He would have to decide whether to choose 
an instance containing one of the relevant features or both of them 
the next instance will contain a circle and no other relevant feature, 
contain red and no other relevant feature, or it will contain red circles 

onsider now the consequences of each of these decisions for each of 
the three possible concepts 


Properties 
of Instance 
Chosen for 


If Correct Concept Is 


Testing 

Red Only 

Circle Only 

Red Circle 

Red onlj 

Instance positive 
Eliminates 
circle 
red circle 

Instance negative 
Eliminates 
red 

Instance negative 
Eliminates 
red 


instance negative 
Eliminates 
circle 

Instance positive 
Eliminates 
red 

red circle 

Instance negative 
Eliminates 
circle 


instance positive 
Eliminates 
nothing 

Instance positive 
Eliminates 
nothing 

Instance positive 
Eliminates 
nothing 


subject that Ins next choice shou d S f UggCSt f° * 
atlnbutes, at the least such a eh nl S‘ D onl >' of the rclcvar 
concept, at best two of thorn t” l' cI,ra,nat0 °nc hypothetic: 


concept, at best two of them h‘ ' cI,ra ' na,c onc h >P oUl 

relevant attnbutc sih.es means tlv^ ° r° “ Card con,ainln S bt 
regardless of whit the correct mrom,at ‘™ be obtam 


— - - iiih-ans unt no ] 
regardless of whit the correct concept .s 
Noa\, if the subject can flcurc out , , 

° ‘“ e nine possible outcomes (an 
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has enough time to do so), he will be able to make a wise decision 
about how next to proceed The decision is important, for it will 
determine whether he will be able to solve the problem with one 
more choice, if these were expensive experiments rather than simple 
tests of the status of instances, the difference might be critical But 
it is quite obvious that most human beings cannot or will not go 
through such an elaborate analysis of the situation in order to deter- 
mine their best next step Indeed, if there had been ten hypotheses 
still remaining m our example, the paper and pencil work involved 
in assessing nt\t moves would hive been prohibitive So we can 
sum up by remarking that while it is possible in principle for the 
person using simultaneous scanning to plan the best next step, the 
task of guaranteeing maximum informativeness of a next choice is m 
practice too difficult to accomplish 

With respect to rendering easier the assimilation and retention of 
information contained m instances encountered, simultaneous scan- 
ning has little to recommend it After each choice the subject must 
go through the difficult process of deducing which hypothetical con- 
cepts have been eliminated and carrying the result of these deduc- 
tions in memory There appears to be no means whereby simul 
taneous scanning can reduce this heavy load on inference and mem 
ory 

Nor does simultaneous scanning provide a way of regulating the 
riskiness of one's next choices— no practical way, at least We shall 
leave the matter at that, hoping that it will become much clearer in a 
later section The best one can do is to compute the riskiness of a 
choice by the method just outlined 

Successive Scanning This strategy consists m testing a single 
hypothesis at a time The subject has the hypothesis that red is the 
feature common to all correct cards, and chooses instances containing 
red in order to test whether they are positive instances He goes on 
testing hypotheses until he hits the correct concept The typical suc- 
cessive scanner then limits his choices to those instances that provide 
a direct test of hts hypothesis 

Now it is quite apparent that such a technique for choosing in- 
stances cannot assure tint the person will encounter instances con- 
taining the maximum information possible That is to say, since in- 
stances are chosen only to test one hypothesis at a time, one is likely 
to choose logically redundant cards some feature of which has been 
used before to test some previous hypothesis On this point more 
will be said later, for it is evident tint this is much like discontinuity 
in learning 
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It also follows that the strategy has little worth from the point of 
view of regulating risk There is little the user can do either to take 
^gger gambles or lesser gambles in his choice of instances His only 
possible maneuver here is a rather far-fetched one, but one that sub- 
jects nonetheless indulge in This consists really of playing a guess- 
ing game with the experimenter in choosing an order of hypotheses 
to test For example, subjects will often operate on the assumption 
that the experimenter is out to ‘trick’ them and that, therefore, the 
correct concept cannot be a “simple” one, namely, that it will not be 
a single-attribute concept like red or “circles ” In consequence, 
users of successive scanning begin, more frequently than would be 
expected by chance, by ‘guessing” that the hypothesis is defined by 
more than one attribute and choose cards to test such multiattnbute 
hypotheses 


What then is served by the use of successive scanning- 3 The gain 
is nearly all m the relief of cognitive strain Limited inference is re- 
qmred and the principal strain on memory is to keep track of what 
hypotheses have already been tested and found wanting 

recWrf ' h e * amma ‘ l0n °, f the manner ln which strain on inference is 
hve al^!\ U l dlreCtl 5: a most c hara ct enstic feature of cogm- 
anal me / J! ! C We * ba11 encounter on subsequent occasions in 

HumaTfuW*- aV 7 t n° f SUb|6CtS m P robabd '‘y ™ns It is this 
—prefer a direct 6 Sa [" e may be ,rue °‘her species as well 

recall the meaning o°f direct Tesfa'' * ey ma y be '™ rk ' a g To 

srj - zstzixxs 

reel There are to P ^ hy P° thes ‘ s ,hat the d °or » “r- 
,s te white door^ Z?*? ^ The *"* 
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reel or incorrect T hf> , § l “ e hypothesis White is either cor- 
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enced situations where more than two alternatives were possible, and 
only a direct test would be effective. * 

In any case, when a subject behaves in the typical manner of the 
successive scanner and limits himself to testing instances directly re- 
lated to his hypothesis, his behavior appears to follow the principle 
of direct test. In sum, then, successive scanning has little utility 
either in guaranteeing maximum informativeness of ones choices or 
in regulating risk. Its chief benefit is in the reduction of cognitive 
strain by limiting its user to direct test of hypotheses. As such, its 
principal utility may be as a procedure that is useful when the cogni- 
tive going gets rough or when one has good reason to believe that a 
particular hypothesis will turn out to be correct. 

Conservative Focussing. In brief, this strategy may be described 
as finding a positive instance to use as a focus, then making a sequence 
of choices each of which alters but one attribute value of the first 
focus card and testing to see whether the change yields a positive or 
a negative instance. Those attribute values of the focus card which, 
when changed, still yield positive instances are not part of the con- 
cept. Those attribute values of the focus card that yield negative 
instances when changed are features of the concept. Thus, if the 
first positive card encountered contains three red circles with two 
borders (3R02b), and if the concept is “red circles,” the sequence 
of choices made would be as follows, each choice changing a single 
attribute value of the focus card: 

3R02b ( + ) focus cardf 

2R02b ( + ) first choice: eliminate “three figures” as a relevant at- 
tribute value 

3G02b ( — ) second choice: retain “red” as a relevant attribute value 

3R+2b ( — ) third choice: retain ''circfe" as a relevant attribute value 

3R01b ( + ) fourth choice: eliminate "two borders” as a relevant 
attribute value 

Ergo: concept is "red circles.” 

Note one thing. When a subject has changed an attribute value of 
the focus card and the new card chosen turns out to be positive, this 
result logically eliminates the attribute in question from consideration. 

No value of such an attribute can be relevant to the concept. The 
subject need not sample any further values of it. 

Several other features of this strategy are especially noteworthy. 

• It is of interest that the first experiment which drew attention to a preference 
for direct test-in the form of participant behavior-used a situation where more 
than two aleraatives were possible (Heidbreder, 1924). 

\ The symbol ( + ) denotes a positive instance; (-) a negative instance. 
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It also follows that the strategy has little worth from the point of 
view of regulating risk There is little the user can do either to take 
bigger gambles or lesser gambles m his choice of instances His only 
possible maneuver here is a rather far-fetched one, but one that sub- 
jects nonetheless indulge m This consists really of playing a guess- 
ing game with the experimenter in choosing an order of hypotheses 
to test For example, subjects will often operate on the assumption 
that the experimenter is out to “trick” them and that, therefore, the 
correct concept cannot be a ‘ simple’ one, namely, that it will not be 
a single-attribute concept like ‘red 01 “circles ” In consequence, 
users of successive scanning begin, more frequently than would be 
expected by chance, by “guessing” that the hypothesis is defined by 
more than one attribute and choose cards to test such multiattribute 
hypotheses 


What then is served by the use of successive scanning? The gam 
is nearly all m the relief of cognitive strain Limited inference is re- 
quired and the principal strain on memory is to keep track of what 
hypotheses have already been tested and found wanting 

closer examination of the manner m which strain on inference is 
e uee mngs us directly to a most characteristic feature of cogm- 
l '°i flC 'y we encounter on subsequent occasions m 

analyzmg the behavior of subjects in probability situations It is this 
“ sul f cts “ and the same may be true of other species as well 
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enced situations where more than two alternatives were possible, and 
only a direct test would be effective.® 

In any case, when a subject behaves in the typical manner of the 
successive scanner and limits himself to testing instances directly re- 
lated to his hypothesis, his behavior appears to follow the principle 
of direct test. In sum, then, successive scanning has little utility 
either in guaranteeing maximum informativeness of one’s choices or 
in regulating risk. Its chief benefit is in the reduction of cognitive 
strain by limiting its user to direct test of hypotheses. As such, its 
principal utility may be as a procedure that is useful when the cogni- 
tive going gets rough or when one has good reason to believe that a 
particular hypothesis will turn out to be correct. 

Conservative Focussing. In brief, this strategy may be described 
as finding a positive instance to use as a focus, then making a sequence 
of choices each of which alters but one attribute value of the first 
focus card and testing to see whether the change yields a positive or 
a negative instance. Those attribute values of the focus card which, 
when changed, still yield positive instances are not part of the con- 
cept Those attribute values of the focus card that yield negative 
instances when changed are features of the concept. Thus, if the 
first positive card encountered contains three red circles with two 

borders (3R0 2b )> and the c° nce P t is <re< * circles ’ tbe se q uence 
of choices made would be as follows, each choice changing a single 
attribute value of the focus card: 


3R02b ( + ) focus cardf , . , , 

2RD2b ( + ) first choice: eliminate “three figures as a relevant at- 
w tribute value 

3G02b (-) second choice: retain "red" as a relevant attribute value 

3R+?b <-) third choice: retain "circle" as a relevant attribute value 

3R01b ( + ) fourth choice: eliminate “two borders as a relevant 
u v attribute value 

Ergo: concept is “red circles. 

Note one thing. When a subject has changed an attribute value of 
the focus card and the new card chosen turns out to be positive, this 
result logically eliminates the attribute ,n question from consideration. 
No value of such an attribute can be relevant to the concept. The 

subject need not sample any further values of it. 

Several other features of this strategy are especially noteworthy. 

• II is of interest that the first experiment which drew attention to a preference 
r , . . .. t t h e f orm of participant behavior-used a situation where more 

for direct test— in tne ionu »» r /tJ f. _i pr 1004). 

'brrarsym^r'i+rd'noS'a'potitive install (-) a negative instance. 
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From the point of view of guaranteeing that each instance encoun 
tered be informative the strategy does just that By following it, re 
dundancy can be completely avoided The strategy guarantees, 
moreover that each instance be encountered will contain a safe maxi 
mum” of information as we will see when the risk regulating prop 
erty of the strategy is examined below 
The benefits in cognitive economy to be gained by using this 
strategy are striking The first of these is that by its use the subject 
is enabled to disregard completely the bewildering business of elim 
mating possible hypotheses from the domain of 255 possible concepts 
m terms of which he may group instances For in fact the technique 
is designed to test the relevance of attributes Given an initial posi 
tive card his choices are designed to consider the four attribute values 
of the focus card one at a time to see which of these may be elim 
mated In the present example there are four single attribute values 
to be considered much less than the 15 rather complex hypotheses 
that would have to be considered in simultaneous scanning A sec 
ond contribution of this strategy to cognitive economy is that it guar 
antces that the relevance of all attribute values in the focus card will 
be tested relatively directly If a change in an attribute value of the 
focus instance makes a difference then that attribute value of the 
focus is rc!c\ ant if not it is irrelevant A third benefit is more subtle 
B) choosing a particular positive instance as a focus the person de 
creases the complexify ond abstractness of the task of keeping track 
of information he has encountered All subsequent choices and their 
outcomes can be referred back to this focus instance much as if it 
were a score card The attributes of the focus card are ticked off on 
the basis of subsequent tests 

There is one notable disadvantage to the strategy from the point 
o \ie\\ of cognitive economy Unless the universe of instances to 
ic tested is arraj cd in an ordcrl) fashion so that a particular instance 
maj be eisil> located on demand the task of search imposed on the 
user of conservative focussing maj become rather severe We shall 
sec examples of this dtsadv antage later 

Now for risk regulation The expression “conservative focussing” 
lias been chosen with good reason Every choice is safe safe in the 
sense that it logicallv guarantees the presence of information m the 
instance chosen for testing Tins guaranteed information is not the 
maximum possible On the other hand the choice never carries the 
nsk of Melding no information We have already noted that b> fol 
lowing the strategy the subject will never choose a redundant m 
stance one that carries no new information To understand full) 
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why it is that a chosen instance almost never contains the maximum 
amount of information possible, we must turn to a consideration of 
focus gambling 

Focus Gambling. The principal feature of this strategy is that the 
subject uses a positive instance as a focus and then changes more than 
one attribute value at a time In the present array (Figure I) from 
which our examples are drawn, the subject might change two or three 
attribute values at once This may not seem very different from 
conservative focussing, but a closer examination will make clear that 
it is In particular, several features of focus gambling are of interest 
from the point of view of the risk-regulating nature of a strategy, and 
these we shall consider first 

In most tasks involving concept attainment, whether m the labora- 
tory or in everyday life, one objective is to get the job done in as few 
choices or tests as possible, particularly if choices or tests are costly 
It is always possible, given the use of conservative focussing, to com- 
plete the job with only as many tests as there are attributes to be 
tested Focus gambling provides a way of attaining the concept in 
fewer trials than this limit But in doing so it also imposes a risk 
The risk is this By using the strategy, one may succeed in attaining 
the concept in fewer test choices than required by conservative focus- 
sing But the strategy also may require many more test choices than 
this If one is in a position to take such a risk— the risk that solution 
may be very fast, very slow or in between— then focus gambling is 
an admirable procedure Such a position w ould be one where, pre- 
sumably, quick solution paid off very handsomely compared to the 
losses to be suffered b) slow solution 

It can readily be seen how the gambling feature is built into this 
interesting strategv Ag un consider an c vamp A? Our subject as 
before takes as Ins focus the first positive card given him as an ex- 
ample. tliree red circles with two borders (3RO-b) Bather than 
change only one attribute v due of this focus he vv ill take a flier and 
change three of them Let us sa) then that his next choice is 
3G+lb Now, if the change should “make no difference,'’ i e . if the 
instance chosen is still positive, then the concept must be that .at- 
tribute value shared b> the positive focus card and the next card 
chosen (also positive) mmelv, “three figures” In one fell swoop, 
the user of this strategv has eliminated three attributes and attained 
the concept Simihrlv , if tu o attributes of the focus are changed and 
a positive instance still results then the two changed attributes are 
eliminated So far, the strategv seems riskless enough 

The difficult) arises w hen a change in more than one attribute of 
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the focus yields a negative instance For when this happens, the 
only way in which a person can assimilate the information contained 
in the instance is to revert to the method of simultaneous scanning 
to use the instance as an aid to eliminating possible hypotheses This 
has the effect, of course, of diminishing drastically' the economical 
nicety of a focus-gamblmg strategy It is now no longer possible to 
proceed by testing attributes for their relc\ance Instead, one must 
deal with hypothesis elimination by the method described in connec- 
tion with simultaneous scanning or throw away the potential informa- 
tion contained in negative instances 
From the point of view of guaranteeing that instances chosen con- 
tain new information, focus gambling docs not have the feature that 
makes conservative focussing notable It does not guarantee that re- 
dundant instances will be avoided For in so far as the person using 
this procedure does not use the information contained in negative 
instances, he is likely to, and frequently does, choose instances in the 
course of solution that contain the same information that might have 
been assimilated from such prior negative instances 
Finally, with respect to making the cognitive task of information 
assimilation easier, the strategy has most of the features of conserva- 
twe focussing One does not have to consider the full array of pos- 
si e ypothetical concepts (unless one wishes to utilize the mforma- 
«*«?**** inst ances) It is geared to the testing of attributes 
m e ocus card rather than to hypothesis elimination m the pure 
sense It also provides for direct testing of hypotheses about the 
relevant attributes As before, it reduces complexity by the use of a 
ocus instance as a score card But it is lacking m economical bene- 
w raevw negative instances occur The user can do nothing 
£ nIe . s . s h ® shlfts strategy And there is a temptation to do 
^ j vf ma e strategy also has the fault of requiring a con- 
° f S6arChbehaV10r lf 0ne » find appropriate in- 

CONDITIONS AFFECTING USE OF SELECTION STRATEGIES 

mfvrUs remain der of this chapter is given over to a series of experi 

^tihte V vfr f t mg / he C0ndltl0ns that lead intelligent adult subjects 

outlined a ° f !* not fi er the four selection strategies just 

vestiPitmn V ° r ° Ut certaui conditions were selected for in 
vestigation is in order 

ante^nt se ^ tlon strategies have been described guar- 

ass ? ”! S, ' mccs chosen contain potenbal information to be 
assimilated, rendering the assimilation of this information cognitively 
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less strainful, and regulating risk The experiments to be presented 
have been designed with a view to altering the exigency of each of 
these objectives, the last two of them directly, the first indirectly 

Consider first the reduction of cognitive strain in assimilating and 
keeping track of information Suppose we take a subject attempting 
to attain a concept with all of the instances arrayed before him in an 
orderly fashion so that at any time he may refer to these for orienta- 
tion Let us compare his performance when he works with an or- 
dered array of instances always perceptually available with the con- 
dition where he must attain a concept without the array before him, 

1 e , do the problem in his head ' Instances are chosen in the same 
way, save that instead of pointing to one the subject must name one 
from memory The usual guidance is given to him with respect to 
whether the card he has chosen verbally is positive or negative 
Now, in the first case the strain of the task— given the constant dis- 
play of the instances— is less than in the second case The problem 
in the second case is for the subject to keep in mind all instances and 
to bear in mind which instances chosen have been positive and which 
negative This task is greatly aided in the first case by having the 
instances there to refer to In sum a subject working in his head 
must find some means of reducing cognitive strain, at least this is more 
of a problem than it is for a subject working on the board ’ It 
would be reasonable to expect that the strategies would differ that 
those who work ‘ in the head will be more likely to adopt a strategy 
imposing minimum strain In doing so, they may moreover, neglect 
the first objective of a selection strategy to guarantee that instances 
chosen be potentially informative 

Or take a second example Suppose subjects work under one of 
two conditions Either the array of instances is arranged in an orderly 
fashion with all like cards together, as m the tidy array of Tigure 1, 
or the cards are arrayed in an order determined by a table of random 
numbers, so that an) given card may be next to any other given card 
without respect to the attribute values they possess Again, under 
these circumstances, the latter condition would be more strainful from 
the point of view of “keeping track” of what instances had been tested 
In addition, the random order would impose difficulties in searching 
out specific instances to test Again wc might expect differences, 
those working under the second condition perhaps being more ori- 
ented to reducing both cognitive strain and the time used m the 
sc irch of instances 

Or consider the difference between subjects working with abstract 
materials of the kind wc have been describing and those working with 
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the focus yields a negative instance For when this happens, the 
only way in which a person can assimilate the information contained 
m the instance is to revert to the method of simultaneous scanning 
to use the instance as an aid to eliminating possible h) pothcscs This 
has the effect, of course, of diminishing drasticall) the economical 
nicety of a focus-gambling strategy It is now no longer possible to 
proceed by testing attributes for their relevance Instead, one must 
deal with hypothesis elimination by the method described in connec- 
tion with simultaneous scanning or throw aw ay the potential informa- 
tion contained in negative instances 
From the point of view of guaranteeing that instances chosen con- 
tain new information, focus gambling does not have the feature that 
makes conservative focussing notable It docs not guarantee that re- 
dundant instances will be avoided For m so far as the person using 
this procedure does not use the information contained in negative 
instances, he is likely to, and frequently does, choose instances in the 
course of solution that contain the same information that might have 
been assimilated from such prior negative instances 
Finally, with respect to making the cognitive task of information 
assimilation easier, the strategy has most of the features of conserva- 
tive focussing One does not have to consider the full array of pos- 
si e hypothetical concepts (unless one wishes to utilize the informa- 
tion of negative instances) It is geared to the testing of attributes 
in the focus card rather than to hypothesis elimination in the pure 
sense It also provides for direct testing of hypotheses about the 
relevant attributes As before, it reduces complexity by the use of a 
locus instance as a score card ’ But it is lacking in economical bene 
, W , enever negative instances occur The user can do nothing 
with these unless he shifts strategy And there is a temptation to do 
]u t ™' Fina "y. the strategy also has the fault of requiring a con- 
st“o“ search behavior if one is to find appropriate in 

CONDITIONS AFFECTING USE OF SELECTION STRATEGIES 
The remainder of this chapter „ given over to a senes of exper. 
to 1 1 mV6S l S a ln S t e conditions that lead intelligent adult subjects 
u l izt r arian s o one or another of the four selection strategies just 
outlined A word about why certain conditions were selected for in 
vestigation is in order 

Three objectives of selection strategies have been described guar 
anteeing that instances chosen contain potential information to be 
assimilated, rendering the assimilation of this information cognitively 
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Each subject was presented a large board containing the orderly ar- 
ray of 81 instances shown m Figure 1 Each instance contained a value 
of each of the four attributes The cards are arranged, as the reader 
can see, m such a way that there was no difficulty locating any par- 
ticular one that the subject might wish to choose for testing As in 
all of the experiments considered in this volume, no “trickery” was 
employed in explaining the task The subject was told that lie would 
be shown a particular card which would exemplify a concept that the 
experimenter had in mind— a positive instance of the concept The 
meaning of a concept (a conjunctive concept, more precisely) was 
carefully explained a way of grouping the cards m terms of some 
shared characteristic or characteristics like all red cards’ or “all cards 
with green squares * The subject was told that it was lus task to 
pick cards one after another and after each choice we would tell him 
whether the card chosen was positive or negative, i e , whether it ex- 
emplified or did not exemplify the correct concept He was told to 
feel free to venture a guess about the concept any time he chose to, 
although we would limit him to one guess per choice "Of course, 
try to go about the job as efficiently as you can,” each subject was 
told, although no great emphasis was placed upon the matter and no 
further mention was made of it, except by subjects themselves who 
were mindful of their own efficiency 

Each subject, tested individually, was given three problems to solve 
The board containing all 81 instances was before him during the first 
two problems, and then the board was removed and he was told that 
the last one would be done without it The idea, let it be said, pro- 
voked a certain amount of groaning As one would expect, subjects 
did markedly better on the average for the first two problems than 
for the last one But this is a superficial observation Let us ex- 
amine the matter at a deeper level 
First as to strategies employed The two principal modes of attack 
were modified forms of the conservative focussing and the successive- 
scanning strategies These modifications arc quickly described and 
are interesting in fheir own right A principal modification of con- 
servative focussing can be summed up in the phrase thirst for con- 
firming redundancy” The subject chooses a focus, then chooses al- 
terations of it for testing Rather than alter an attribute \alue of 
the focus only once which is all that is necessary to establish whether 
the attribute in question is relevant to the concept or not, subjects 
sometimes ha\ e a tendency to test a second alteration For example, 
if the focus card has "two red squares with one border" the subject 
will first choose a card with "two green squares with one border" 
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concrete or “thematic” materials in winch the task is not to group by 
color, shape, etc, but according to different types of human situations 
possessing comparable attributes In the latter case the subject will 
be far likelier to have more “prepared or conventional hypotheses 
about what kinds of grouping are relevant Might one not expect 
that under the latter conditions subjects would be tempted to proceed 
by what in essence is the easy technique of successive scanning? 

Turn now to the matter of risk regulation Suppose we compare a 
scientist who has a permanent post and a long-range opportunity for 
testing out a series of ideas about some complex problem with one 
who has very limited time and resources and can test only a few of 
his ideas It is likely that the latter will undertake more risky experi- 
ments than the former-given that the two are of equal imaginative- 
ness and ability A comparable case can be constructed in concept 
attainment Compare two subjects attempting to solve a problem, one 
given an unlimited number of choices, the other drastically limited in 
the number of choices he can make Will the second adopt a more 
risky strategy than the first? 

Or suppose one could arrange to parallel the condition found m 
every ay 1 e where the testing of instances on the way to solution of 
« conceptua problem may be costly In any given enterprise, this 
Sting cost is usually balanced against the gains to be achieved by 
fhe „ IT" ° £ the P roWem This too can be paralleled We may 
chanop 1 es cost against outcome gam and inquire about the 
changes in strategy that will occur Certainly we may expect some 

FTnX ,r meSS ° f strate §y ™d m effectiveness 7 
mav he a fl “ “ C T m0n observatl °n that a long streak of good luck 
Sven a u d ° te t0 CaUtI ° n Put ™re formally, if a person is 

ferns, wilF he bSnrnrShkely tSsh Success m solvin g conceptual prob- 
risky strategies? ly W “ “creasing tendency to attempt 

periments with wh Se i tS* t!le f° re E 01n g 15 a summary of the ex- 

lc e remainder of the chapter will be concerned 

ALTERING COGNITIVE STRAIN 

“In the Head? Versus “On the Board" Twelve Harvard under- 
graduates served as subiecls „ , , lwelve Harvard under 

here The purpose of the studv P ( to be described 

fare when theyare used in sitaa. t ^ h ° W Van ° US strate g ieS 
situations of increasing cognitive strain 


* Dr Robert V Seymour aided m , 

experiment and furnished many of thebTMcT'l’k 11011 ’ f es * S ”» and runn,n S of 1 
j asic ideas used m the analysis of resu 
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Now we turn to the behavior of our subjects. Seven of them 
developed a variant of focussing strategy while working with the first 
two “on-the-board" problems. The remaining five adopted a variant 
of successive scanning with the added feature of trying to capitalize 
on their ability to remember the status of instances previously en- 
countered. 0 Of the seven focussers, five showed no decline in 
effectiveness when it became necessary for them to work problems 
“in their head.” The sixth showed the need for “direct test ” in the 
sense of not being willing to eliminate attribute values on logical 
grounds but preferring to test them directly. In all six cases, per- 
formance was orderly and governed nicely by the use of a focus. 
The seventh case represented a typical failure of memory, forgetting 
what the values of the focus card were. His performance, once this 
failure had occurred, was a combination of hacking around for a new 
focus and utter confusion. 

The history of the scanners was not so fortunate. The modified 
strategy they had developed made heavy demands upon memory in 
order that as much information as possible be brought to bear on each 
new hypothesis. Four of the five scanners came to ruin when they 
had to do problems “in their head." They were confused, made 
errors such as choosing redundant cards, and generally turned in a 
muddled performance. The fifth scanner discovered focussing in 
attempting to work the third problem in his head and turned in a 
faultless performance, with a pattern of choices conforming exactly 
to ideal focussing. 

The difference between the groups— scanners and focussers— was 
striking from the point of view of choices required. To solve the 
“in-the-head” problem, scanners required a median of 13 choices; 
focussers only five. The median number of redundant choices made 
by focussers was one; by scanners six. The scanners repeated a 
median of four choices, the focussers only one. To understand these 
differences fully, they must be compared with the performance of the 
two groups on the second ‘on-the-board“ problem (after they had 
had some experience in the situation, but with the cards arrayed 
before them). As we have just noted, the median number of choices 

•A tocimcr was defined ns a suh/ect whose choices In the main varied only 
In one attribute value from those attribute values of the focus card that had 
been found relevant or were still untested Tbe only other types of choices 
permitted subjects In this proup were redundant choices where the third value 
of an attribute was chedied. or foctu-jjamble choices shown by btrr choice* to lv 
utilized as such. When the majority of the choices was of iW types, live 
subject was comfdercd a foctrsser All others were treated at scanners 
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which, let us say, turns out to be positive (indicating that color is not 
a feature of the concept) Instead of going on to test another at- 
tribute, he may attempt to make doubly sure and on Ins next choice 
pick ‘two black squares with one border’ This choice is redundant, 
but it is apparently comforting The reader will readily recognize 
this behavior as another example of what we described earlier as the 
need for direct test rather than discard * black’ by logical elimination 
(an indirect method), the subject expends a choice on a redundant 
instance for the assurance of direct test This feature of strategic be- 
havior is not, however, disruptive of the strategy nor does it place any 
added strain on the problem solver If one looks at it in terms of a 
quid pro quo, the subject is willing to increase the number of tests 
he will make for the satisfaction he achieves in performing a direct 
test as a double check As we shall see in a moment, this form of 
double checking may prove particularly comforting when the going 
gets rough 


The second modification of conservative focussing concerns a 
changed conception of the focus with subsequent choices Recall 
that the pure form of the strategy calls for choosing cards that hold 
all but one of the attribute values of an initial positive card constant 
on each choice In practice, this is not always done Instead, the 
subject ceases to attend to those attributes of the focus card that have 
proved irrelevant when he makes new choices of instances to test In 
choosing new instances, he does not hold these irrelevant values of 
the focus card constant any longer Only those attributes that have 
already proved relevant or that have not yet been tested are now held 
constant In a sense, this modification of the strategy consists of re- 
ducing the focus to those features of it that still count 

e chief modification in the successive scanning strategy used by 
our subjects consisted in adding a memory feature to it Instead of 
testing an hypothesis against chosen instances until it was found 
wanting an t en going on to test another hypothesis de novo in the 
same way, subjects tried to remember the status of as many past 
instances encountered as possible so that they would not be starting 
from scratch in testing a second hypothesis Thus, though they 
would pick cards to test the hypothesis 'all red cards they would 
try to remember the other values of these cards when they shifted to 
testing, say squares with two borders ’ In point of fact, they were 
combining features of simultaneous scanning and successive scanning 
They were able to operate in this way with moderate effectiveness as 
long as the array of instances was both orderly and perceptually 
available r r 
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of an array of instances that a subject had to work with m attempting 
to attain a concept 

The experiment may be quickly summarized, for the procedures 
involved are similar to those already described Two groups of 15 
subjects each, advanced undergraduates and graduate students in 
Harvard University, were set the task of attaining concepts by the 
selection method That is to say, an array of instances was placed 
before them and they were told that a card exemplifying a concept 
would be shown them After that their task was to select cards on 
the board for testing Each time a card was selected, the experi- 
menter would tell them whether or not it exemplified the concept 
Each subject, tested separately, worked four problems m this way 

The array before them was made up of instances each exhibiting 
one of two possible values of six attributes Each card contained two 
figures, a large one on the left and a small one on the right The six 
attributes and their values were as follows 

1 Shape of the large figure rectangle or triangle 

2 Color of the large figure yellow or black 

3 Border of the large figure present or absent 

4 Shape of the small figure rectangle or triangle 

5 Color of the small figure yellow or black 

6 Border of the small figure present or absent 

Out of these six attributes, each with two values, 64 instances could 
be constructed One card, for example, might contain a large black 
rectangle with a border and a small yellow triangle without a border, 
another, a large yellow rectangle with a border and a small y ellow 
triangle also with a border 

In carrying out his task, the subject was told that he might have as 
many choices as he needed and as much time as he needed, but that 
he should try to attain the concept in as few choices as he could 
No such aids as paper and pencil were provided The subject was 
told that he might venture a guess whenever he wished to about the 
nature of the concept but that he was allowed only one guess after 
each choice After each choice, the experimenter indicated to the 
subject simply whether the card was “correct’ or ‘incorrect" in the 
sense of exemplifying the concept or not 

The only difference between the two groups of 15 subjects was in 
the arrangement of the cards on the board before them In each 
case, the board had the identical 64 cards laid out in eight columns 
and eight rows The Random Group had the cards arranged on the 
board in a random manner, each card being assigned at random to 



96 


A Study of Thinking 


required for solving the in thc-hcad problem was 13 for the scanners 
This was an increase over the median of ten choices needed by 
these same subjects for solving the second problem with the cards 
before them No such increase characterized the focusscrs They 
required a median of five choices for the in the head problem, and 
five choices for the problem with cards present The same pattern 
characterized the median number of redundant choices made, four 
and six for the second and third problems done by scanners, one 
and one for the focussers Choice repetition rarely occurred in any 
subjects when the instances were present before them 
To sum up, modified focussing strategy is more efficient than modi- 
fied scanning for attaining concepts when the instances are percept- 
ually unavailable Its superiority over scanning rests in its relative 
freedom from exacting memory and inference demands The superi- 
ority becomes the more marked when the amount of cognitive strain 
inherent m the task is increased Scanners show a decrement in 
quality of performance under more difficult conditions, focussers 
show little or no change 

The general conclusion we wish to draw is a simple one Certain 
strategies are less strainful than others in terms of the demands they 
place on memory and upon inference The form of modified con- 
servative focussing used by some of our subjects makes fewer demands 
than the memory dependent variant of successive scanning used by 
others One can rate situations as well as strategies m terms of the 
general demands that they make upon the problem-solver’s memory 
and inference capacities Working on problems with orderly visual 
aids before one imposes less general strain than does work of a 
similar nature where there are no visual aids and everything must be 
one in the head Thus we can speak of the intrinsic strain imposed 
y a s ra tegy and the extrinsic strain imposed by a general working 
situation The more strainful a strategy, the less good it is likely to 
be in a strainful situation The strategy that works relatively well 
w en a si uation makes few general cognitive demands may prove 
eyon a persons capacity when the general cognitive going becomes 


Ordered Versus Hendon, Arrays • We turn now to our next ex- 
ploratory experiment on the effects of increasing the general cognitive 
stress rmposed on a problem solver by the nature of the s.tuahon in 
which he mu st work The condition investigated was the orderliness 


• The experimental Sndmgs and, m the mam, the mterpretatmns reported 
n this section are drawn from Robert V Seymour ( 1954) 
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as far as informational efficiency was concerned was not very great 
in tins situation He was told that h.s task was to attain the ’concept 
with as few choices as possible We shall see m a fo lowrng sector 
that his requirement for maximizing the informational yie 
choice can be made considerably more stringent Under 
stances of the experiment we are describing the F “ 
efficiency might not have been great enough to l^d the subject to 
organize his choice behavior to the point required by a focussing 

^Finally, the perceptual structure of the random board was nonsuch 
as to lead to systematic testing of attribute^ The Y reIatl0 „ P . 

between instances was not marked and it is precise y y 

ship that makes a focussing strategy most feasible 
A reconsideration of the 1 best strategy for the 
not, then, lead so readily to the J 

is ideal Indeed, it may well be that under' The on]y 

posed, a still less demanding stra egy mig P successive 

less demanding strategy is, o “ on memow for past mstances 
scanning with a minimum of relia nnorous save that 

In any case, any prediction one Group to adopt a less 

one would expect a subject in the R^dom Group ^a p 
s tramful strategy than a colleague in e different 

The situation with respect to the Ordered Group 9 rf 

The cards were arranged to to Test could be readily 

attribute values Any instance a su j f j nt ms tances 

found He could easily keep '^'"^fsub^ts to be led into a 
were tested If anything, we should expect su jec 

focussing strategy what actually happened « as rather clear- 

So much for prediction What ac > n o of 0 j choices 

cut Members of the Ordered roup • Random Group 

attain the correct concept, w He . IllgIlI) reliable 

required an average of «>nscr\ativc focussing strateg), 

difference If > subject used an „ e , 10 ,ccs, since there 

he should ho able to "^^Uance The score of the 
were six attributes to be 1 tlnt conservative focussing was 

Ordered Group strong v su S5 ], 0WC vcr, m the case of subjects 
being used by these subjects, not so, 

in the Random Group Ordered Group did not complete 

To he sure, all members ^ t l,mces If ssc consider the 

all of their problems m P rt fn|ir p r nhli ms required h> eich 

as t rage niimhir of trnb ,7 „f the 13 subjects hid nn nscmce 

subject in tins group, sse find th 
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one of the 64 positions on the board In presenting the board to the 
subject, of course, no comment was made about the nature of its 
arrangement 

The arrangement of the cards for the Ordered Group was \cry 
orderly indeed All cards with large black figures occupied the first 
four rows, those with large yellow figures occupied the remaining 
four rows Cards with small black figures were placed in the first 
four columns and those with small yellow figures in the nc\t four 
columns Each shape and each kind of border were further arrayed 
in a prearranged pattern within this general ordering The con- 
sequence of this ordering was that any two cards that neighbored 
each other on the board differed from each other in only one attribute 
value 


In general appearance, the ordered board was perceptually tidy, 
the random board resembled a rather wild patchwork quilt How- 
ever, it was no problem for the subject to tell a y ellow from a black, 
a large figure from a small, a rectangle from a triangle, or a figure 
with a border from one without All the relevant characteristics 
were highly visible and readily discrimmable 
The question we were asking was this What kinds of strategies 
would the two groups of sublets adopt? The Random Group was 
ace wit i an array of instances whose arrangement gave little or no 
visual support to the subjects in the task of sorting out positive from 
negative instances in order to attain the correct concept One would 
expect that members of the Random Group might develop the least 
cogni ive y strainful strategy commensurate with the demand to 
pffpoic 6 rr m ° rmatl0n e fficiently Certainly conservative focussing 
jr i C °? mtlve econorr ues and might have served well for 

fi SU ^ c r ^ n ^ om array of instances save for two disidvant- 
rnnserviU ” °t * 6Se Was tkat f° cu ssing of any kind— whether 
snecST TZt nsky ~ re ^ lred that the subject be able to locate the 

rS f“ S r ded 01 testln S instances that differed from the 
cult d Car<1 ln , °- nIy certam attribute values This was diffi 
anv of the° n R4 a “ board where any mstanee might appear in 

Z ° ,1 P °i ltl0ns ° n lhe bo « d A second disldvamage of 

"a d 

instances [“t ^ SCannra S tbe bo^ fe^propmte 

° . ex P osed subject to such an array of Varied in- 

he hnd d ret ™ achv f 'nterference might hinder remembering what 
he had done and found on previous choices & 

There was another consideration The demand upon the subject 
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function of focussmg behavior Mo- Holy ‘ 
that members of the Random i Group verej mg^ ^ then ehoosing 
deriving an hypothesis from the P means that their first 

cards to test the hypothesis direct ) ^ ^ wou]d be 

choice would differ less from the P 

expected by chance between the groups „ m the 

Anotlicr measure of the cuucrc orieinal focus card 

number of choices made that were mo ^ examine this by 
than like any other prcccdmg car h ^ encountcre d mcliid- 

ashing in each ease which of the 1 = , 0 f attributes in com- 

ing the illustratix e card has tlm I«K* number^ ^ ^ 
mon xvitli a present choice , ,i, e one encountered earlier 

similarity to a present choice consen alive focussing of course, 

as being the more similar in , t sirm ]ar to each choice 

the original focus card will a ways > ma de W1 p not a ll be most 
In focus gambling, the array o ^ ce dmg choices will share 
similar to the original focus t00 , n successive scanning 

honors with this original focus ca different preceding cards 

We may ask, on eacli problem, ho ^ t0 subsequent 

turned out to have the status ot being ^ conservatlv e focuss- 
choices The more a strategy app ‘ problem Deviations in 

mg, the closer this figure '^‘“^Live scanning will move it 
the direction of focus g^" bll "S for the two groups-an average 

away from this value The fig e i 7 mstances for the Ordered 

per problem for the four pro em Perhaps a simp e way 

Group, 3 0 mstances for the t mn e in every ten choices made 

of summing up the matter is to sy focus as a most similar 

by the Ordered Group had ^.^fquarters of the choices made 
preceding instance, xvhereas on y bara cterized 

by the Random Group could be so cUn g very closely to the 

The Ordered Group, m Sequent choices The Random 

original focus card m /" ak .ng ™ ^ than the original focu 
Group was not In so far « °‘ b f sim , lar to subsequent cho.ees thi 
were m the position of being b vir tue of attempts at focus 

tended to occur in the O^^b.ects showed this tendency as a 
gambling Most of the random I 

LultoAuccessive scanning made, agin a ibAmg 

jss iair.SK- t&s =52 

cause of redundant choice m 
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of fewer than six trials (in no case less than 5 0 ) Tins w as accounted 
for by the fict that subjects in this group were often able to guess 
successfully, or even to solve the problem logicall), in fewer than the 
six trials required by conscnativc focussing Successful guesses 
came about when, in using a focussing strategy, the subject would 
determine, say, three or four relevant attribute values of the focus 
and then guess these as the concept The chances of successful 
guessing under the circumstances are high Sometimes a subject was 
able to eliminate more than a single attribute value of the focus by 
recourse to focus gambling on a given choice Both these tendencies 
led to attainment at a faster rate than could be achieved by ideal 
conservative focussing 

It is interesting that in the case of the Random Group only two 
subjects showed an average number of trials to attainment at, or less 
an, the minimum required by conservative focussing One of these 
con ormed fully to ideal conservative focussing, another one went so 
ar as to try some focus gambling with some success As for the 
ot iers, their average number of choices on the four problems varied 
trom 7 0 at the lowest to 16 2 at the highest 

^ * dlffer *^ m strate Sy can be isolated in terms of several critical 
na es The first of these is with reference to the first choice made 
by a subject following the presentation of the first positive card-the 
P° sltlve card g^en at the outset to the subject that is 
aS a /° CUS In how man y attribute values did the 
n hf firSt . c i 01 “ d ;fe from the first pos.t.ve curd shown h,m? 
values d 7 7 0rdered GrOU P the average number of attnbute 

was 11 S' ® * ®T t Ch °‘ ce and the P os| bve card gwen 
Of the 15 Trip 6 £ orres P°" dln g figure for the Random Group was 1 8 
var ed oriv „ ” £ the ° rdered Group 11 made a first eho.ee that 

problems''" The u fr ° m ^ f °™ s ^ d °" “ U f™ <* 

Random Gr^n .r e a h, . ng WaS d ° ne b y °”V o ne member of the 
The Ordered Cm & ^ conservative focusser we have mentioned 

Sus ^rtS eX'LromT ^ ° nented “ the flrst 

would be mcorrect tol; that th° UP " s ° * 

first positive card nt oil \ 1 ™ y Were not onen ted toward this 

an 1 r r n 

that the obse rved change , s, gnific o„t, y hosier a 

0 In an array such as this one the r<? i , t 
dicated as an initial posit.ve exempt* distribute ft? * £“ J**®® u 

focus m one attnbute, 15 m tsyo 20 thrifts “. f ° llmv! 6 d,ffcr !rom ,he 
attributes K> 15 m four 6 >» five and 1 m six 
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In the Random Group guessing of wrong typotheses characteristi- 
cally occurred when the subject was testing an hypothesis and found 
that several instances m a row confirmed it The reader will recog- 
nize that in such an array as the one employed, involving six attri- 
butes, such a procedure is not likely to lead to a very high proportion 
of correct guesses It is not surprising then that the number oi 
incorrect guesses about the concept was reliably higher in the Ran om 

than in the Ordered Group , c 

What may we conclude from this experiment? Perhaps the first 
conclusion is that the type of strategy adopted in a given situati 
reflects the nature of the situation The successive scanning ot the 
Random Group, aided by what additional remembering a subjec 
could muster, was well suited to the requirements of the task that 
is not, of course, meant as "praise" for the performance of he e 
subjects It is meant as a recognition of the fact that in a co g" > 
stressful situation, they adopted a strategy that made few additional 
demands on cognitive effort By doing so, t iey gave up of 

degree of information-getting efficiency Similarly, the > strut gy 
the Ordered Group again suggests a nice adaptation to 

and requirements of the testing situation Strategies were used that 
took advantage of the orderly arrangement of instances Meed.^he 
interesting mixture of conservative and ns y ocu ® t 

also showed a nice adaptation to the fairly ambiguous > 
that they "try to attain the 

Abstract and Thematic Materials f ost human 

tion and experimental studies on reasoning _ s ”Sg precision 

beings perform logical The 

when the material about which ^ d Eidens (1929) are a case 
often quoted studies by Wdkins OMS^ ^ ^ set up in parallel 
m point In these ex P eI '™f lts :, d B - s 0 f the logician, the other in 
form one set couched in the A Tal _ e f or example, the four 

the concrete language of ' t0 y ie ld the typical deduc- 

following propositions which w 
tions noted next to each 

Tj pical Deduction 

Proposition then &n B are A 

If all A are B then n0 B are A 

If no A are B then so me B are A 

If some A are B then some B are not A 

If some A are not B 

* , t V Seymour for assistance in the experiment re- 

° We are indebted to Robert V > 
ported in this section 
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from that of the Random Group In the former, redundant choices 
were encountered as a result of unlucky excursions into focus gam- 
bling It comes about this way A subject chooses a card that alters, 
say, two of the attributes of the focus in an effort at gambling The 
instance turns out to be negative, indicating that either one or both 
of the attributes changed is relevant Unless the subject uses simul- 
taneous scanning for the rest of Ins choices, he cannot determine 
whether one, the other, or both attribute values changed are the 
relevant ones So he goes back to changing both attribute values of 
the original focus one at a time In so doing, he is logically bound 
to choose a redundant card For the two attribute change that leads 
to a negative instance logically contains the information that will be 
present in one of the two successive single change choices of the 
same attribute values A redundant choice is bound to occur The 
only reason this hapless technique does not drive up the number of 
choices required by the Ordered Group is that likely as not the 
changing of more than a single attribute value at a time leads to the 
selection of a positive card, which allows one to eliminate both the 
attribute values changed at once By virtue of this, one gets the 
problem solved in fewer choices 

The redundant choices of the Random Group are on the whole of 
the kind one expects from successive scanning Instances are chosen 
to test an hypothesis After the hypothesis is rejected by mfirming 
information, a new hypothesis is adopted and instance chosen to test 
it In the course of testing the second hypothesis, instances are 
chosen that contain no information beyond what could have been 
derived from the instances previously encountered Hence the re 
dundancy The only way to avoid such redundancy would be to rely 
on the memory-and inference pattern of simultaneous scanning This 
our subjects were unable to do 

A last indication of the difference between the groups is in the 
number of incorrect hypotheses offered The averages per problem 
were 0 5 per subject in the Ordered Group, 1 4 for the Random 
Group The difference is also qualitative in nature The focussers 
of the Ordered Group would sometimes guess incorrectly when they 
had limited the number of relevant attributes to what appeared a 

reasonable number That is to say, they would determine that 
three particular attribute values of the focus were relevant or deter- 
mine that three were irrelevant In either case they would be 
tempted to guess that the three found relevant up to this point defined 
the concept This is a good guess, of course, and worth the small 
risk of being wrong Often, it turned out well 
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tieular area, he found that the position of one star relative to others in 
that part of the map had shifted Lalande was a good astronomer 
and knew that such a shift was unreasonable He crossed out his first 
observation of the shifting point of light, put a question mark next to 
his second observation, and let the matter go And so, not until half a 
century later did Neptune get added to the list of planets in the solar 
system From the aberrant movement, Lalande might have made the 
inference not that an error had been made but that a new planet of 
the solar system was present But he was reasonable And it was 
more reasonable to infer that one had made an error in observation 
than that one had found a new planet 
Lest one be tempted to write off the episode as a historical curiosity 
of the remote past, it is worth remembering that the first report of 
atomic fission a century and a half later made by Hahn an Strassman 
(1939) ends with the remark, ‘Perhaps after all we have been de- 
ceived by a senes of strange coincidences" This was m ™ In- 
terestmgly enough, two authors in the prece ing year 
Savitchf 1938) had made an identical obseiwation on the end resu 
bombarding uranium with neutrons and failed to achieve the 

Tow let ns return to the more restricted realm of “ 

concept attainment In all of the ^‘mls" forms! colors, numbers, 
'ton a e of^ese -rials had .the property of 
tempting subjects toward operating by canons . s '“ e 
deed", because 

possibly liberated from such tend ^ matena , of the Imd that 
abstract material we utll, “f h J hewlIy on familiar or preferred 
might lead a person to lean m / 

ways of grouping What might wc espec^ ^ ^ for ^ thcrc ar0 » prc . 

The most reasonable expe . materials in an array, then 

ferred” or "reasonable J? to trx out these modes of grouping, 

the problem solver would be > > lf thls „ crc ,j, e c a S e, 

they would provide the hypo J ^ a |, in t0 successn c scanning 

then the strategy to be expec 1 ^ succcss „ c Ij One might also 

a technique for tr)ing out nyp n rful, and thus more readily 

expect that, since th ° n ’ a ' c " 1 t0 rc mcmber ulnt hypotheses hid 
remembered, it should tie * whether or not these same instances 
been tested by what instances inn ] n potlieses In short, if suc- 

were rele\ant for testing su . S not he so discontinuous that the 
cessive scanning is used, it s imi . nccs , n shifting to new hypoth* 
subject gets no benefit from past msta 
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Only the second and third deductions are, of course, correct What is 
immediately quite striking is that the errors committed in the first and 
fourth examples seem quite unthinkable when we examine concrete 
instances of these propositions It is not likely tint many people 
would deduce from ‘All men are mammals” the conclusion that “All 
mammals arc men’ Nor will we be led from “Some men are not 
criminals to the conclusion that “Some criminals are not men ” It 


would appear as if the common sense embodied m language or in ex- 
perience had the effect of guiding one to the reasonable conclusion— a 
form of guidance not present when we try to cope with the A’s, B’s, 
ps, and qs of formal logic When we are dealing in the concrete 
realm, verisimilitude provides a way of checking upon validity 
But such an appearance of truth may also predispose us to accept 
invalid arguments The psychological literature on thinking abounds 
m examples of such ‘biassing’ of arguments Conclusions that are 
preferred m the sense of being most congruent with one’s own atti- 
tudes and values will often be reached in spite of the fact that they are 
both incorrect logically and readily detectable as such when they 
appear in a neutral form The experiments of Morgan and Morton 
(1944), of Jams and Frick (1943), and particularly the carefully de 
signed study of Thistlethwaite (1950) all point to this phenomenon as 
a general one in thinking 

What does it mean to say that, on the one hand, people escape cer- 
tain ogical errors when they have the guidance of common experience 
an on t le other, that common experience has the effect of producing 
certain pre erential forms of error? To us, it suggests that much of 
vuman reasoning is supported by a kind of thematic process rather 

an y an abstract logic The principal feature of this thematic 
process is its pragmatic rather than its logical structure It consists of 
a en ency to wor with and to prefer empirically reasonable proposi- 
ions, w le er as hypotheses or as conclusions One might well call 
the tendency an effort after empirical verisimilitude ’ 

The history of science provides many rueful examples of the ‘logic 
of verisimilitude and one of these serves us well as an introduction to 
t ie experiment to be reported m this section The incident in ques 
tion occurred in 179o, nine years after the discovery of the planet 
Uranus, and the principal figure involved was the great French 
astronomer Lahnde In that year Lalande failed to discover the 
planet Neptune, although the logic of events should have led him to it 
Lalande was making a map of the heavens Every night he would 
observe and record the stars in a small area, and on a following night 
would repeat the observations Once, m a second mapping of a par- 
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eses Thus, one might predict a strategy ljmg midway between 
successive scanning and simultaneous scanning 
Consider now the design of the experiment Two groups were 
used, let us call them the Abstract and Thematic Groups The Ab- 
stract Group comprises the same 15 subjects discussed earlier as the 
Ordered Group working with unlimited choice We shall be using 
the same performance records discussed before Recall that the or- 
dered array of 64 instances with which they worked was made up of 
the combinations of six attributes, each with two values Each in- 
stance consisted of a card with two figures on it, a large one and a 
small one Each of these figures could vary in shape (triangle or 
rectangle), color (yellow or black), and border (present or absent) 
The orderly arrangement of the cards on a display board has already 
been described (see page 98) 

The design of the coi responding thematic material in this experi- 
ment was governed by two requirements The first was to parallel 
the structure of the abstract cards as closely as possible The second 
was literally to make the instances of this arra) reek with meaning 
To achieve the first objective instances were again constructed of two 
figures a large one and a small one, an adult human being and a 
child As in the abstract material each of these figures had three 
attributes varying in two values The adult figure could be either a 
man or a woman The second attribute was dress the adult, whether 
man or woman was either in night dress or in day dress Finally, the 
adult figure was either smiling and giving a gift or was frowning with 
arms clasped behind the back In shorthand terms, then, the adult 
figure varied in the three attributes of sex, dress, and affect So too 
uie child figure It could be either a boy or girl Whichever it was, 
dress was either daytime clothing or night dress Finally, the child 
was either holding out its hands toward the adult figure and smiling 
(as to receive) or looking down with hands clasped behind the 
back The instances used were printed on cards approximately 3 by 5 
inches in size Some examples of the actual figures employed are 
reproduced in Figure 2 

A word should be said about the thematic material It is charac- 
teristic of each instance in the array that it seems to be evocative of a 
little story or theme Here is a figure of a father in night dress giving 
a little boy dressed in a bathrobe a present and the little boy has his 
eyes cast down and his hands behind his back As one subject said 
about this instance, It looks as if Daddy bought *he wrong present 
for Junior ” Another figure looks like a scolding mother who is fully 
dressed and berating her son for failure to get up and get dressed be- 
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subject (the original focus) Of these, 440 were changes in the dress 
of either the adult or child figure Next came changes in the affect 
of the figures: 357 of these occurred Least often changed was the 
sex of either figure- 328 changes occurred Certainly there is not 
much difference in conspicuousness of the attributes of the thematic 
cards. If anything, the conspicuousness of the attributes is probably 
inversely related to the amount of change that occurred For prob 
ably the sex of the figures is the most striking attribute If one were 
testing instances by a focus strategy, one would expect the sex of a 
figure on the focus card to be changed as often as an y other attn u 
Instead, we find that the sex of the figures is changed the least often 
of any attribute The indication is that the hypotheses being favored 
by om subjects have to do with the sex of the particular figures it is 
this feature of the original focus that is most often held constant 

C TS““ T£ S-ism*-, * »• £ 

jects provides some insight into the preference pa J of dea! _ 
These subjects offered 113 incorrect hypo eses ln v j The 

mg with the 60 problems attacked by the group as a whole ™ 

correct concept on half of these 60 P» U ““ r !a L„th- 

about the sex of the adult figure Yet 65 * o ft he mcorrecn ypo . 
eses offered by subjects specified the sex of the adult t figure Th^ 
pattern of incorrect guessing and its relation to c 
itself rather interesting 


Per cent correct 

concepts containing 
Per cent incorrect 

hypotheses containing 
Difference 



Adult 



Child 

_ 

Sex 

Affect 

Dress 

Sex 

Affect 

Dress 

50 0 

50 0 

45 2 

53 2 

38 7 

35 5 

65 5 

55 8 

43 4 

55 8 

32 7 

38 9 

+15 5 

+5 8 

-1 8 

+2 6 

-6 0 

+3 4 


It is difficult to interpret these figures u SQ what does seem 
well beyond our understanding to attemp ^ consl( j er abIe tendency to 
quite apparent, however, is „ f the adult figure m arriving 

prefer testing hypotheses about th Ieast often changed from 

at the concept And sex is the a Indeed, in the 5S2 card 

the initial positive card shown the suDje m of thc time, 

choices made, the initial value o a u c ] H ld figure which occur 

compared with changes m the re ® S f ° ent ] y changed attribute 
oeo ’ of the choices made, the most fr q 


in 38£ 
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fore coming down to breakfast In sum, it is characteristic of in- 
stances of this sort that they have the pou er of evoking thematic 
imagery about the over-all nature of the ' parent-child” situation por- 
trayed The purpose of the experiment was carefully explained, sub- 
jects being told what a conjunctive concept was and given some ex- 
amples of possible concepts such as “all cards with a woman' or all 
cards with a child in night dress ” 

What of performance on the two kinds of task? Recall that both 
groups were given four problems to solve We shall deal with the 
average number of choices, etc , necessary for attainment of the con- 
cept per subject per problem Little need be said about the problem- 
by-problem change m performance, for there seemed to be little in 
either group First, m terms of the average number of choices per 
problem to attain the concept, there is a considerable and statistically 
significant difference between the groups The Abstract Group re- 
quired, as we may recall, an average of 6 1 choices per problem The 
corresponding number of choices for the Thematic Group was 9 7- 
half again as many choices The range of choices required for the 
Abstract Group was from 50 to 7 2 choices, for the subjects of the 
Thematic Group, from 7 0 to 11 75 The number of redundant choices 
for both groups fits the same pattern 1 0 per problem for the Abstract 
Group, 3 9 for the Thematic Group 

As noted in connection with our previous discussion, the Abstract 
Group utilized primarily a conservative focussing strategy with certain 
features of focus gambling What is most striking about the per- 
formance of the Thematic Group was its relatively “continuous” suc- 
cessive scanning the testing of hypotheses successively but with a 
seeming ability to utilize past instances to evaluate new hypotheses 
The difference is illustrated by the number of incorrect hypotheses 
offered by the members of each group The average number of in 
correct hypotheses offered per problem by the Abstract Group was 
0 5, the range being from 0 0 to 1 0 The figure for the members of 
the Thematic Group was 1 9, with a range from 0 25 to 5 25 It is 
quite evident that the latter group had ‘reasonable” and readily ac- 
cessible hypotheses on their minds 

What can be said qualitatively about the performance observed? 
In the performance of the Abstract Group, subjects were relatively 
indifferent about attributes In choosing cards for testing, they would 
as soon change one as another attribute of the original focus card 
In the case of the Thematic Group, there were in all 582 card choices 
made by the 15 subjects, and in the course of this some 1125 changes 
were made in the attributes of the first positive card presented the 
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as this “An angry father in his bathrobe is scolding a little girl who 
has come m late from the street and who is downcast by the scolding 
she is getting ” It seems not unlikely that the central position of the 
■father 5 or "mother” in the evoked theme probably predetermines the 
preferential cnteriality attained by the attribute of the adult sex 
We man summarize the experiment briefly tn the following terms 
To attain concepts with materials that are meaningful and amenable 
to familiar forms of grouping leads to several difficulties In the first 
place, the problem solver « likely to fall back upon reasonable and 
familiar hypotheses about the possible groupings In so dou V> 
may be led into a modified form of successive scanning the st ategy 

par excellence for going through a list of hjfP ot eses ™ material 
place, the thematic material will , more reach y an a 
lead certain attributes to have nonrational enter, ahty the subject will 
"hang on" to these and will formulate hypotheses around It hem 

From the point of view of the reduction of cognitive strain, we 
would interpret these findings in much the same wayas wt i may i 

u .» sr. 

experiment was introduced Where it is i AYnprience m at- 

dividual will fall back on the gmdance of co ^ ^ L n- 

tempting to attain a concept A sin h ^ famlhar rather than 

lande, a cue will be used as a basis ?, ■ n c an eV ent 

an unfamiliar inference about tin m en ty tor ■ S ass0ciatl0n 

In the case of In the pres- 

may serve to override the logically ^ material provided in 

ent experiment, the familiar ^^SX^on to -reasonable" 
the thematic instances tend .to ' P r J? pre dfspose him away from 
successive hypothesis testing arid Y P 

more efficient forms of focussing J ilr * lt ®,.. economy desired in prob- 
Does this in any sense .serve ithe has regularity or 

lem-solving’ To the extent that bcen f am diar in the past 

redundancy, one may expect tha \ wa\s of mirnmtz- 

wdl be relevant in the future Certamly one of ^ ^ 

mg the surprise value of the e "™°" (hat „ hat occurs next will he 
of “persistence forecasting -P rea ° . broader sense, reliance on 
like that which occurred before handmaiden, successive 

famihar forms of grouping an up problem sober One 

scanning, is not without adaptive benefit for the (1942 ) has 

may perhaps call such a tendenc) r, S l * ' j t S ecms more like!) 
in discussing the so-called Hinstc un^ , e must operate is highly 
tliat in so far ns the environment in win , P d sllcc «sfiil 

regular, we do fairly well m bemg guided 1.J »«*■>" 
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We may conclude, then, that not only were subjects who worked 
with thematic materials led to utilize a somewhat continuous form 
of successive scanning but that in doing so they seemed to prefer 
hypotheses having to do with the sex of the adult figure To put this 
matter in its proper perspective, we must return now to an earlier 
discussion of the cntenahty of a concept’s attributes 
In that discussion, the point was made that there were certain 
“nonrational ’ determinants of cnteriality, that certain cues to the 
class identity of an object were preferred over and beyond their 
ecological validity Certain cues are “more natural” or more im- 
pressive In connection with probabilistic categorizing, treated in 
Chapter 7, much will be said about the relative weight given to such 
cues in identifying objects as belonging to one class or another In 
the present context, two points are worth making in passing The 
first has to do with the manner in which preferential tendencies show 
themselves, the second with the possible origin of such preference in 
the material used in this experiment 
The subject is presented with a first card and told that it exemplifies 
the correct concept Let us say the card contains a “mother in night 
dress giving to a daughter in night dress who is receiving the gift 
(to use the meaningful language so often employed by our subjects) 
Any or all of the six attribute values contained in this first positive 
instance might define the concept, which may be “mother” or “daughter 
receiving or any combination When a subject uses successive scan- 
nmg i e , when he adopts an hypothesis derived from this first focal 
card, he must make a decision as to which of the attributes are defin- 
ing and which are noisy He is essentially making a wager on the 
re evance of various attributes when he formulates an hypothesis for 
test Fundamentally, then, the question is this given the appearance 
" J" 1 * a ^ tT1 ^ te va ^ ues in a positive instance, which of them will be 
S 4 - Gn ^ in cri teriality most by being associated with a positive 

his ance n t e present experiment, the single attribute most 
s engt ene by the single association with an initial positive m- 
o’ haVC SCen ’ the sex of adult figure 
y ere we can only speculate The most obvious explana- 
tion that comes to mind has to do with the thematic nature of the 
cards As remarked earlier, each card seems to evoke a theme or 
story If the reader will look at an instance at random in Figure 2, 
he will notice that any story he makes up about it very readily casts 
the adult figure into the role of chief protagonist and source of ac- 
tion He will also notice that the sex of the adult figure is a very 
important feature of the theme Thus he may think of a story such 
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When we speak, then, of a strategy as being a mote m the direction 
of efficient or inefficient strain reduction, such a statement must be 
modified to refer to particular kinds of situations Some strategies, 
to he sure, will deal effectively with a rude range of situations, others 
will he found wanting as the cognitive going gets rough But aside 
from this generalized efficiency one must always consider the extent 
to which a given mode of approach meets the requirements of a task 
with which a person must deal here and now 


REGULATING RISK 

“Suppose you, the reader, have to choose between two decisions 
to build or not to build a bomb proof shelter for you and yourfamfy 
To make the example drastic, let us suppose that you are rich but t 
the shelter would cost you practically the whole of your fortune s and 
that such a shelter is both indispensable and sufficient for life preser- 
vation m the ease of war Thus your two alternative decisions and 
the two alternative states of die world (war or peace) combine 
the following ‘payoff matrix’ ”° 


War 


Build shelter 

Alive and poor ; 

Alive and poor 

Don’t build shelter 

Alive and rich | 

Dead 


Any decision one may make about iow ^ ^ ^ ^ scien - 
a characteristic risk feature Suppose a ^ on , ocahzatI0n 0 f 
tist deciding upon his next experiment, g ^ tirpatl0n tech- 

complex pattern vision in the an ^°P°^ d b in SK cortJc al areas and 
niques The scientist, recall, is inter destroyed no pattern 

knows before he starts that if all six areas present What 

vision can be found, if all are present, pattern ws.on is presen 

is the best way to proceed? „ „„h a decision between follow- 

We see at once that we are dealing with a dec, here _ (he 

mg a conservative focussing or focus c S Of course, the case 

brain with all six areas intact serving as a extirpates several 

is not so simple as this, for even if the e*®" ' J hanges 5 ev- 
areas at once and destroys pattern wsio , e jnstanc e), he will still 
eral attributes of the focus and gets a negative instan ,, 

, -icn faken from Marschak 
• Marschak, J (1954 p 3) The malm « ah? 
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past solutions Whit we lose in terms of efficiency or elegance of 
strategies employed for testing familiar h) potlicscs, we probably gain 
back by virtue of the fact that in most things persistence-forecasting 
does far better for us with less effort than most other forms of prob 
lem solution It is only in unconventional or unusuil situations that 
such an approach proves costly 

Cognitive Strain Reconsidered. Three experiments have been de- 
scribed to illustrate two general points The first of these is highly 
general the utilization of a strategy is in some degree a response to 
the nature of the stimulus events with which one must deal One 
reacts to the ordered properties of an array by utilizing these proper- 
ties in making choices If the array is such as to highlight the sys- 
tematic manner in which attribute values vary, this feature seems to 
lead to the adoption of a strategy that makes use of it, namely, a sys- 
tematic focussing strategy If the array is a "familiar” one in which 
the person has expectancies concerning what might be "right” or 
important,” he will use these familiar features as a basis of hy- 
potheses and adopt a scanning strategy While this is hardly a star- 
tling finding it does underline one way in which strain is reduced 
by going along with the nature of the stimulus materials that one has 
before one 

The second general point is this Where the nature of a task im- 
poses a high degree of strain on memory and inference, the strategy 
used for coping with the task will tend to be less conducive to cog- 
nitive strain To put it in terms of an analogy, if someone has to 
move a heavy weight, there is more likelihood that the mover will 
have recourse to strain reducing techniques for carrying out his task 
Some of these techniques may involve a reduction in efficiency e g , 
dividing the total weight into parcels and moving each parcel suc- 
cessively Others may involve an increase in efficiency, eg, the 
utilization of a lever or a dolly or some other ‘ labor saving ’ device 
But again, the meaning of efficiency cannot be understood without 
reference to the problem solving task with which a person must cope 
A strategy that may be efficient and relatively without strain m one 
situation may prove beyond ones capacities in another Scanning 
is adequate if one has the support of stimulus materials before one, 
it may fall apart if it becomes necessary to carry information m one’s 
head The kind of scanning utilized by our subjects m dealing with 
thematic materials may be adequate in a situation where one has 
indeed learned what kinds of hypotheses are likely to be right In 
a completely unpredictable domain, it is wasteful to be tempted by 
verisimilitude 
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Now consider the question, after the subject has an established ex- 
pectancy about positive and negative instances, whether he should 
follow a course of changing more than a single attribute of the focus 
and risking the possibility of getting either the feast of a positive m 
stance or the famine of a negative instance The decision, as re- 
marked before, is one that can be described m terms of a payoff 
matrix 


Anticipated Events and Outcome Values 


Decision Alternatives Positive Instance Negative Instance 


Change one attri- 
bute at a time 

Gam of moderate amount 
of information 

Not get very far toward 
complete solution 

Gain of moderate amount 
of information 

Not get very far toward 
complete solution 

Change more than 
one attribute at a 
time 

Gam of considerable 
information 

Get far toward complete 
solution 

Gain of little or no 
information* 

Make little progress to- 
ward complete solution 


It is quite apparent that the decision to be made rests £ 

considerations The first of these » £ " t’ptt IlLkl 
encountering a positive instance The mo y I 

he is to encounter a positive instance, the greater wall be the 'Ktehhnd 
of his making the second decision-* change many attributes of the 
focus If we follow Marschak and arb.hanly ^s,gn vaiues rom 0 0 
to 10 to the various outcomes depending opo"‘^'r desirability, 
then we may say that the outcome. Gain o con n j ltt ) e 

ti°n, got toward totlrd complete Solution" 

or no information, make little progr value of 05 

has a value of 0 0, and the other M outcome^ 

What is called the expected utility of a decisio ? (he 

by multiplying the estimated pro a i r summating these prod- 
values assigned to their outcomes, chance of en- 

nets Suppose a subject had then 

countering positive instances was OoU, g 
the matrix could be solved as follows 


r ic used here since a subject using 

0 The expression ‘ little or no informs ^ an otllcoin e. a subject using 

a focus strategy would get no raformatio , Je depending on bow many 

simultaneous scanning would get proporti y 
attnbutes of the onginal focus he had c ange 
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be able to extract information from his results, for simultaneous-scan- 
ning methods may also be employed But there is an interesting 
point to be made here From the point of view of the information 
contained in an instance, it is the case that, given an initial positive 
instance as a focus, the more attribute values of this instance one 
changes in making a next choice, the less information will it contain 
if it should turn out to be negative and the more information will it 
contain should it be positive Information m this sense refers to the 
number of alternative hypotheses any chosen instance will eliminate 
Thus, even if simultaneous scanning is used, the choice of a negative 
instance will be less valuable the more it differs from the initial posi- 
tive instance * 

Given one more datum, we are in a position to specify a payoff 
matrix governing the decision about the next experiment to be done 
by our scientist This datum is a measure of the scientist’s expectancy 
of encountering a positive instance or negative instance on his next 
try And there are two means whereby the scientist can arrive at 
this estimate by “experience” or by formal computation If the 
scientist has had a long string of positive instances on the occasions 
when he has taken the course of changing many attributes, then he 
will be likely to operate on the assumption that nature is rich in 
positive instances A string of negative outcomes may, on the other 
hand, lead him to expect few positive instances Formal computation 
of the chances of encountering positive or negative instances an an 
array such as we have described is free of the effects of past experi- 
ence It is based on the probability with which positive and nega- 
tive instances will occur given definition of the correct concept by 
varying numbers of attributes It need not concern us here all our 
experience indicates that subjects use an empirical rather than a 
tormal means of estimating the likelihood of positive instances 


Tl Uef C * n be stated mathematically as follow Let A equal the number 
. .1 m , e “ rra y> In the case of our example, this would be 0 since this 

,, , , ? r ° rain areas under consideration Let D equal the number of 

r,..,-, - 1K "' r a c ^ 0lce that differ from the values contained in the 

rtin P ,k' * > ° CUS * number of hypotheses that will be eliminated after 

differ I k h™ ™r 10 b ' P ° S,t,Ve “ 2 ” '*• larger the number of value 
d ll7 . d " focus a " d choice, the larger the number of hypotheses 

eliminated If a negative instance is encountered on a choice, the number of 
eliminated hypotheses follows the function, 2-* , he , be . 

ween choice and focus, the fewer the hypotheses eliminated if the chosen instance 
Is negat.se This computation Is relevant only for arrays each attribute of which 
has but two values 
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restriction m the number of tests a person can make To these we 
turn immediately 

Limitation of Choice. The experiment to be reported is a ver> 
simple one indeed e Our only interest is m the manner in which an 
individual makes his first choice of an instance to test after eing 
shown a positive card exemplifying the concept The stimulus mi Lte ' 
rials used were an array of 64 instances laid out in an orderly fashion 
as described earlier, with each instance exemplifying one o two pos 
sible values of six attributes The cards and the array were 1 enticn 
with those described previously in connection with expci unents on 
orderly” and “random* arrays 

Three groups of subjects were run, about 20 m eac , again s u 
dents at Harvard All of them were innocent of any kno'vle edge i abou 
the objective of the experiment except that they knew ieir 
to attain a concept Their instructions were stan ar 
array was described as containing cards each o w c l ex ' 
characteristics the shape, color and border o a arge g » 
same characteristics of a small figure They were then told whaUvas 
meant by a concept a group of cards sharing ce * s 0f a p 

actenstics, eg, all the cards containing sma > individually 

those with large black mangles, etc Subjects were run .ndmdua]ly 
with the large display board before them A ter 1 ^ to y 

that the nature of tile problem was understoo , su J 
that their task was to choose cards from the board and ateeach 
choice the experimenter would tell them w le er ^ beginning to 
or was not an exemplar of the correct concep exemplified the 

choose, subjects were always shown an ins anc , subiects di- 

correct concept. At this point the treatment given the subjec 

A S first group was told that they should ^ouMhe 

lem m as few chotces as they an , n ° It \ vas tacitly understood 

number of choices they would be allow econ( J group "as to ,d 

that no limitation would be imposed ^ group was 

that they would be allowed only four choices The b 

told that they would have but one choice s , nations m a foot- 

The three instructions can be likened to three sitt^ ^ ^ first 
ball game The first is the opening p a> „ an( j J]as ,j, e whole 

gained possession of the ball after the ini * ^ ,,, rr!r: ! 

• Again we are Indebted to Dr It V f, 0 m that proposed b) 

ta this section, although our interpretation d.tt d aod further 

« R V Seymour, op oil Additional data "ere colie 
earned out by Donald O Dowd 
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Anticipated Events 


Decision Alternatives 


Positive Negative Expected Utility 

Instance Instance of Decision 


I Change one attribute 


0 5 X0 80 0 5 X 0 20 


Change manj attributes 


Estimated probabilities 


Under these circumstances, if the individual is operating on the basis 
of maximizing utility, then we would expect him to proceed by chang 
ing many attributes at once 

Now if the estimate of the likelihood of a negative instance goes 
to 0 80, with the estimate for a positive instance at 0 20, the expected 
utility of decisions is reversed 


Anticipated Events 


Decision Alternatives 


Positive Negative Expected Utility 
Instance Instance of Decision 


Change manj attributes l 1 0 X 0 20 I 0X0 80 


Estimated probabilities 0 20 0 80 


Tims given this change in selective likelihood estimate, a subject 
° c1 JP acte d t0 nse the one change strategy, whereas before 
he might sv ell have nsed the many change strategy 

her ^ t0r ^ elerminin g the value of an outcome is the num- 

feu nr 1 W ‘ 10 pcrs0n can or can afford to make The 

. r . G cs s or experiments he can perform, the more important is 

instance tnTi C ° Se aS P ossl ^ c to a complete solution with each 

hVch that 1 C n 1V f n severe restriction in number of tests it is 
Tor thnimh " * e \ 0 ? SC ^ ie col, rse of changing many attributes 
b\ uhiclfho r 11 V tblS P roce durc, it is also the only procedure 
of cs M Tl Cd 7 hc V*** thc restriction on the number 

distinct lAuinl' 0 CF ? 1C '^ uc information which goes some 
IZm I !? V” 8 F r ° blcm the more hhcl/it is that 
1 t0 " lr ? ch ^g«ng manj attributes 'Hie tvo ex. 
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. nm „ Cb T t n s,,b i cct * vc «timatcs of the likelihood of encounter- 
Ing pos.t.sc Instances and change in outcome salucs rcsultmg from 
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When choice is limited, what becomes important is that one move 
qmcUy toward the solution of the problem The importance of 
achieving a guaranteed intake of information on each test vanishes 
in value 

Now reconsider the scientist as he decides upon his next expen 
ment Shall he remove one area of the cortex or some greater num- 
ber among the six areas that concern him? Again, the decision is 
about what is more important to make a big scientific killing or to 
add a modest but guaranteed brick to the scientific edifice This is 
the decision to be made, whether the scientist has one or many op- 
portunities for doing experiments If there is but one opportunity 
for experiment, he may still choose to do the safe and sound thing 
extirpate one area and have it known for sure whether this area alone 
affects pattern vision If he wants to make a complete solution and 
be the man who solved the problem, he could extirpate five of the 
six areas with the reasonable guarantee of fame should it turn out 
that, after so doing, pattern vision will still be intact 
In conclusion, then, the matter of risk seems to be— at least psy- 
chologically— a matter of deciding what it is that one wants to achieve 
The primary question is kind of risk, not amount of risk It is only 
when one has determined the objectives that impel the individual 
to take certain kinds of risk that one can determine the values that 
various outcomes have for him and begin to utilize a payoff matrix 
as a way of analyzing and predicting decisions 
How risk is regulated, then, depends upon the relative psychologi- 
cal values of the outcomes contained in a payoff matrix At least this 
is half the matter There is also a question of estimates of the prob- 
ability of variously valued outcomes, to which we turn now 
Subjective Likelihood Estimates In the present experiment, we 
alter experimentally the subjects conception of the probability with 
which various outcomes or “states of the world” will occur It is as 
if, to refer back to Marschaks example, we altered the persons con 
2ption of the likelihood of war or peace occurring by controlling his 
life history m such a way that he either experiences war as the more 
likely event or peace 

The design of the experiment is not without entertainment, for it 
involves playing a rather benign trick on the subjects In all, *18 
subjects were employed, all of them students m the Graduate Schools 
of Harvard University They are, thus, relatively superior in intelli- 
gence As in previous experiments thc> were tested individual!) 

• For fuller details of this experiment, see It V Seymour, op at 
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afternoon of plays before it The second can be likened to gaming 
possession with four downs to play in the closing minute of the game 
The last, of course, is the classic instance when a team that is tied 
with its opponent has one last play m the game before the clock 
runs out 

Prediction is obvious the fewer the choices permitted, the more 
will the persons behavior evince risk-taking We may examine the 
difference between our groups of subjects, pooling the results from 
the four problems done by each subject, the number of first choices 
which differ from the illustrative card in more than one value The 
incidence of such first choices is 


12% in the group permitted unlimited choice 
33% in the group permitted only four choices 
72% in the group permitted only one choice 


lat of the number of attribute values changed in this focus 
gam ing The difference between groups is not great The aver- 
age change from the initial positive card for the subjects with un- 
' m ! ? e was 1 for the subjects limited to four choices, X 5, 

\vi ° r 1 ° one s l0t S r0u P> 2 1 The explanation is not hard to find 
Su ’J ccts cuate * rom the single change conservative focussing 
' , Cy °, not deviate far, particularly when they are as in- 

chan re ^ m a, lS ty ^ e P ro ^ em as our subjects were They 
mom r ° r hreC ? ttnbutG Values of onginil card, but rarely 

tint mice 1S ^ ^ W,tb certain kinds of experience, as we shall see, 
that massive changes are made 

bank" bv XT, . l ' P l '’ e ( mal,Cr th,s '™y It one wishes to "break the 
nlctelvl nno 1? l ° 1CC ,° an y ono instance (ie, solve the problem com- 
mSt.on n nt °r ° '*! a * t0 !;ike the of getting virtually no 
dereTS d", thls cho ‘ c<: Whether one is willing to un- 

Scuc„i^T' nt ° f 0b,a ™"E '’ery little information under 

breaking the bank If themtbm le T ”*7** °" C ^ 
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it -aif 1 ^:’;: r!i!rr,r p ,s pr,cc 

attribute, be Mould have thtamed' a ” 1 SCd f ° n , y ° n ° 

CTSC X \\0[!ld r hcbc ,lSt:inCC / >rm ° d P s e^but 1 m^icitber 

-’" d " 0rS ° ^ f ° r * ^ 

lem TdrchW \t rt' l0n - """• 'o «» essentially a prob- 
leu, of deciding Mint objective ls - lmportlnl - or - wortI ? ^ilc" 
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concept Of the 192 problems solved by subjects, such a contingency 
rose fewer than a dozen times 

A comparable regimen was followed for subjects who received all 
negative instances Again, completely consistent information was 
given Only in rare cases was it necessary to give a subject the in- 
formation that a positive instance had been chosen 
After four choices on any given one of the four problems each 
subject worked on, he was asked to give his hypothesis concerning 
the correct concept This hypothesis could either be consistent with 
the information obtained on the four pnor instances or inconsistent * 
Half of the subjects, upon offering an hypothesis at the end of their 
four choices, were always told that the concept they proposed was 
incorrect Thus they ‘failed* the four problems The other half 
were always told that they were correct in their hypothesis Before 
a subject had much time to consider the matter of success or failure 
in any great detail, the next problem was given to him introduced 
always by the presentation of a card exemplifying the new concept 
to be attained This rapid transition to the next problem was just as 
well for in many cases the information given the subject about the 
correctness of hypothesis was inconsistent with what had gone before 
There are thus four gioups of 12 subjects each they received the 
following treatment 

All positive instances hypothesis always correct (positive correct) 

All positive instances hypothesis always wrong (positive incorrect) 

All negative instances hypothesis always correct (negative correct) 

All negative instances hypothesis always wrong (negative incorrect) 

The procedure outlined for “failing or passing ’ subjects is some 
thing short of ideal Fortunately for our present concern there seems 
to be little effect brought about by the actual success or failure of an 
attempted solution The subjects ippeired to take this information 
in good stride, recognizing or believing that four choices was a chancy 
number in terms of being able to get the concept correctly or, if they 


* By consistent v\ e mean of course that the concept proposed by the subject 
"as one that had not bicn infirmcd by any instances preMOUsIy encountered 
Since aur interest was primarily In the manner in which consistent strategies are 
affected by the trcUmcnt described above an arbitrary rule was adopted that 
we would include in the study on!v those subjects who in at least two out of 
their four problems gave consistent hypotloses after four choices AU others 
"ero discarded In selecting sublets according to this criterion si* lud to be 
dscardcd from amongst those using the ordered board *ni»* tlic 

subjects used in the experimental analysis were “ correct in proposing an 
hypothesis offer four choices on at least half of their problems 
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Half of the subjects worked with an ordered array of 64 instances, 
identical with the one already described (page 98), which consisted 
of the combinations of six attributes, each of which had two values 
The other half worked with a randomly arranged board made up of 
the same instances 

Each subject was given four successive concepts to be attained 
The limited choice procedure was employed, and each subject was 
allowed to choose only four instances on each problem, after being 
shown an instance that exemplified the concept Two kinds of treat- 
ments were used in combination for various subgroups The first 
varied the number of positive and negative instances subjects en 
countered in the course of making their choices The second varied 
the number of concepts that subjects succeeded ’ in attaining m their 
four problems ° 

Two equal groups may be distinguished with respect to their “luck" 
in encountering positive instances on their choices One group nearly 
ahcays encountered positive instances, a second group practically 
never encountered positive instances In each case this procedure 
was o owed in such a way that the experimenter never gave incon- 
sistent information to subjects, ie, information about the positive or 
°, a lVe s alu L t of an ins tance that contradicted information previ- 
us ) gi\ en us required a certain nimble wittedness on the part 
of the experimenter that we must now describe 

instil a rSt j 1C ^ r0u P that enc °untered practically all positive 
cent On fh Z 1S S c h T n tbe sub J ect > exemplifying the correct con- 
out ns nnc i?i i SlS el 0ne cxem P^ r » certain concepts are ruled 
attribute two 0 ^ 56 dl£Ferent conce Pts are still possible in a six- 
card r T y So Ion S as the subject’s first choice of a 
was L rxnlr T ° f thcse 56 concepts, and in every case it 

rect ' TCS * thc chosen contains the cor- 

first samnlc cirri f j/° SCn P osltlve instance, taken together with the 
be posZ e i e tl ° r TCStr, c CtS th ° number cor* that can now 
correct concept' So long a5 ° s ™,cct !, hl L n0 ' V CX T Pl ' f> d a p0SS,b ’ y 
erper, mentor rcpl.cs by fnfonnme fom S “ C “"t ' hC 

tarns thc correct concept" or "is nil ? h - , h ° lnstanc0 chosen eon ' 
m rshlch a second cboTcl “ 0 ~,c > ^ "'V° °“" 
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pos.t.,0 On the fourth cho.cc, h 0 ,m“ so^r'ir h T * w 
n rnrf i a.,* i [ w, " c ' cr » some oF the subjects chose 

Whcncrcr l.h i! “ ‘ n " ,c ''B 1 ' 1 of P^t information 
Whcncrcr this happened. thc erper, menter garc the subicct the cor- 
rect Information Ic.he told Inm that the c-frd d.d not Spld , Z 
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negative instances decrease until they approach the value expected 
from conservative focussers 

We remarked before that succeeding or failing to attain the concept 
seemed to make no difference m the risk taking nature of strategies 
employed If we compare the 24 subjects who attained all the 
concepts “correctly” with those who “failed” in all of them, no system- 
atic difference is present Each group is made up, of course, of equal 
numbers of “positive” and "negative subjects First, as to the 
number of subjects who change more than a single attribute of the 
initial focus on their first choice 

Problem 


Tirst 

Second 

Third 

Fourth 

11 

10 

11 

11 

12 

15 

12 

12 


Attain all concepts 
Fail all concepts 

The number of attributes changed similarly shows no difference 

Problem 


Second 
1 50 
1 96 


Third Fourth 
1 67 1 83 

1 75 1 92 


Drst 

Attain all concepts 1 58 

Fail all concepts 1 71 

There is perhaps a slight though not significant ****** 
"failure” subjects to follow a more gambler ike ^ 

It is not striking and is far short of statistical ' 

attain the concept under the chancy conditions olve^ 
appears to have little effect on this feature or, for tint matter, 

features of the strategy * ri.ffnrpnces between 

Other measures could be presented pos.tnc 

our two primary groups those * ' *5? mvev er, be of relevance here 
instances Such measures vou > which subiects were 

since they would indicate mercy t e For t j ie f act of the 

responding to different amoxm J mfonnat]0n contained, instances 
matter is that in terms of the * .nformation— from a formal 

in an all-negative series do contain es „ ^ j 1t a pre- 

information S po.nt of view as well ^,fn 0 ,S“ e wish to make 
sented give a sufficient picture , « som e form of focus*- 

The point is tins Given a sjtuaUon m ta* » rf , 
ing occurs, the extent to which the focussing 

• It is Wgl.1, Uel, lhat Ita .'hat <’•' 

been gi\ cn a sufficient number o 
was full) within their competence 
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achieved correctness, attributing their good fortune partly to luck 
The principal results with which we shall be concerned have to do 
with the effects of encountering positive and negative instances— with 
a comparison of the performance of those 24 subjects who virtually 
always encountered positive instances and the other 24 who encoun- 
tered virtually nothing but negative instances on their choices 
What may we expect' 1 Subjects who encounter positive instances 
should show an increase m their tendency to choose a first instance 
that differs in more than a single attribute from the initial exemplar 
they have been shown For their luck in striking positive instances 
encourages them to take the risk of such a choice What is the risk? 
It is essentially that if more than a single attribute is changed and a 
negative instance results then the information contamed in the 
instance cannot be used except by adopting exceedingly difficult 
simultaneous scanning By the same token, subjects who encounter 
negative instances on most of their choices should develop more 
conservative techniques moving in the direction of one attribute 
changes For the only kind of negative instance that can be used in 
a focussing strategy is one which is removed from the initial focus 
card by only one attribute value 

The results obtained confirm such a prediction Consider first the 
number of subjects on ‘positive and negative regimens who, on 
their first choice change more than one attribute value of the first 
positive exemplar that has been shown them Recall that there are 
24 subjects in each group 

Problem 


I ncounter all positive instances 
I ncounter all negitivc instances 


First Second Third Fourth 

10 13 15 21 

13 12 82 


The same picture emerges when one considers the average number 
o attn utc values of the initial focus that are changed by subjects in 
making tlicir first choices The figures arc as follows 


Problem 


I ncounter all po<ntiv c instances 
I ncounter all negative in«t mces 


Tirst 

Second 

Third 

Fourth 

1 54 

1 79 

2 00 

2 07 

1 75 

1 G7 

1 42 

1 OS 


Again the trends in the two groups are sharplv divergent The 
subjects with a lustorv of predominantly positive instances steadily 
increase the number of changes made m the focus card, those with 
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selecting instances for testing what is relevant should have three 
characteristics it should guarantee that instances chosen for test are 
potentially informative, that the information they contain be assimi- 
lable without undue strain, and that the strategy be capable of 
regulating risk We have examined in some detail two types of 
experiment In the first part of the chapter we presented several 
studies where cognitive strain imposed by the task was altered The 
object was to determine whether strategies responded to the change 
in cognitive strain inherent in the problems posed for the subjects 
In general, we found that strategies alter with the imposition of strain 
in the form of heavy memory or inference requirements We also 
found that strategies alter with the nature of the risk inherent m the 
situation— alter in the sense of adjusting to the opportunities provided 
by the situation in keeping with the objectives one seeks to achieve 

The chapter has served to introduce a method of examining 
problem-solving behavior viewed as a sequence of decisions designed 
to achieve information useful in getting to a final resolution of a 
problem All the experiments have had in common the fact that the 
subject had a great deal of freedom to test whatever features of the 
situation seemed relevant to him In this sense, our subjects were 
put into the position of being free lance investigators testmg now this 
and now that feature of nature in an effort to find what it was that 
certain crucial events had in common, that differentiated them from 
other events What was it that made certain things edible while 
others were inedible? Or what was it that made certain objects in- 
flammable and others not? 

In the next chapter, we look at a more restricted kind of cognitive 
activity The behavior is more that of the bench bound lecture goer 
who receives information m a sequence decided upon by others than 
himself Under these circumstances, how shall he discover what are 
the defining properties of events? 
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type will be adjusted to the subject’s learned expectancy about the 
likelihood of encountering positive or negative instances. Where an 
expectancy about the likelihood of encountering positive instances 
becomes established, it becomes efficient to attempt rather freewhee - 
ing focus gambling. 

What may we conclude from this experiment? 

The first conclusion seems simple enough. Subjects seem to try to 
increase the amount of information they obtain on their four choices 
as they move from problem to problem. Those who encounter 
positive instances with high consistency achieve this by utilizing more 
and more frequently a focus-gambling strategy, assuring more in- 
formation in the face of positive instances. Those with a high 
expectancy of encountering negative instances move toward con- 
servative, one-change strategy. It is hardly relevant to ask whether 
our subjects are “rational” in the sense of “knowing’ that their 
changing behavior achieves this result. Relatively few could report 
this in so many words. What is more important is that they behave 
in this fashion. They are apparently sensitive to changes in the 
likelihood of encountering positive or negative instances. 

How shall we account for the difference between our “positive” and 
"negative” subjects? One can deal with the matter in terms of the 
expected utility model mentioned earlier. As the probability of 
encountering positive and negative instances alters, the expected 
utility of the two decisions— changing one attribute value versus 
changing more than one attribute value— gradually shifts position. 
And indeed, the model is suggestive. In a formal sense, it may be 
said that the subjects in this experiment were seeking to maximize the 
expected utility of their decisions and in this way to regulate the risk 
involved in their problem-solving behavior. At least, it seems evident 
that decisions about concept-attainment strategies alter in the face 
of changing probabilities of encountering different kinds of instances. 
An individual will increase the rate of gaining information within the 
limits imposed by this probability. If the chances of encountering 
positive instances become too slim, he will move in the direction of 
a safe-and-sound procedure where a guaranteed amount of informa- 
tion can be obtained regardless of the positive or negative status of 
instances encountered. If the environment becomes highly “positive,” 
he will move to increase his informational yield by adopting a strategy 
that under normal circumstances would be a risky one. 

At the beginning of the chapter, several ideal strategies of attaining 
concepts were described. The point was made that a strategy of 
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what neural conditions lead to the inference of aphasia with maximum 

certainty , , , 

If the experimentalist were engaged in such a pursuit and could 
find laboratory animals capable of speech and on whom surgery 
might be performed, then he would be m a position to act much as 
our subjects of the last chapter This would take the form of 
systematically removing areas of the brain in certain combinatorial 
orders until the answer was forthcoming But the clinician has t 
take his cases as they come He must employ a reccpt, °ni strategy 
Let us begin at the beginning of modern neurology by taking Paul 
Broca as our subject a gifted neurologist of the mid-Wth centmy 
He has a chance to carry out an autopsy on an aphasic pa 
finds massive damage in that portion of the brain at the base o the 
third frontal convolution (since named in h,s honor Brocas are ) 
"the soeech center” But this describes only part of the properties 
enhance' For Brocas exact f-npt.on of thepatientslesi» 
shows a softening of the brain m the le t lemisp * extending 

the frontal lobe dorsally to the paneto ocmpi^cbon, “tendmg 
downward as far as the superior portion of the ^ 

can sum this up more simply y , hls t that Broca is 

destroyed than Brocas area the fre edom to formulate an 

able to exercise his major freedom destroyed 

areas or to any part thereof H iL t j, e f amou s Broca 

aphasia is caused by damage to a sp the area of 

area” Perhaps there is reason ^ die JS cast The 

most concentrated degeneration particular “speech center 

neural defining attribute of “P Jho adopts another option 

At the other extreme we have ™““ S ;^ bllte & aphasia If the 
No specific lesion is taken as a g ( j |( , in t e raction of the 

aphasic's brain shows specific unng , ^ (hnt create t l ie final 

damaged areas and the intact or g 

common path of aphasia mnovators is that each has 

What is of great interest about and the totahsls Tlie 

a line of descendants call them possible some set of limited 

former seek always a specific are ^ on i y wllcn forced by the 

defining attributes, adding ne\ 

v n .,1- certirn liberties with the history 

• In the interest of exposition we sha t ^<*,0,1 license lei* m 

of this complex field. If the reader fin* « e „ m p,es a s ficboual 

over exaggeration he avail we hope forgive us a 
rather than real figures 
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Reception strategies 
in concept attainment 


u p to this point, our concern has been 
almost exclusively with the means whereby an individual may select 
instances in such a way as to isolate easily and efficiently the attributes 
that are useful for inferring a conjunctive grouping. What is perhaps 
most distant from life about this procedure is its Olympian quality. 
The universe is spread before one and one has freedom of choice as 
to what one will take as an instance for testing. There are perhaps 
times when an experimentalist in science has the good fortune to 
work on problems that have this feature. More likely, his plight is 
that he must make sense of what happens to come along, to find the 
significant groupings in the flow of events to which he is exposed 
and over which he has only partial control. His major area of free- 
dom is in the hypotheses he chooses to adopt, not in the manner in 
which he can choose instances to test. The clinician’s condition is 
perhaps more typical than that of the experimentalist. 

Take again as an example the problems of neurophysiology, familiar 
from the last chapter. A clinical neurologist in the course of his 
practice encounters a patient with a damaged brain exhibiting the set 
of speech defects called aphasia. Now the concept of aphasia need 
not be “formed” for it already exists. The aphasia case is referred to 
him by an examining diagnostician. The diagnostician’s statement 
that the case shows aphasia” is the criterion of a positive instance. 
The research neurologist is now trying to find out about the neural 
correlates of aphasia. He must, in other words, seek the neural 
defining attributes of the class of patients known as aphasics. If one 
wishes to say that the neurologist is trying to find the “causes” of 
aphasia, this in no sense changes the basic problem, which is to find 
12G 
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intact and without aphasia at least fails to infirm his hypothesis 
Two of the outcomes are damaging to Broca’s hypothesis A patient 
with speech center intact and aphasia is as infirming as one whose 
speech center is destroyed but who shows no sign of aphasia Let 
us adopt the language of medicine, for the moment, and speak of any 
case as positive which shows the signs of illness we are investigating, 
its absence negative Whether it is positive or negative, a case can 
confirm or infirm the hypothesis in force In this fashion of speaking, 
then, the four contingencies that Broca can meet are 

1 Positive confirming Aphas.c with speech center destroyed 

2 Positive infirming Aphasie with speech center intact 

3 Negative confirming Ncnaphasic with speech center intact 

4 Negative infirming Nonaphasic with speech center destroye 

A good reception strategy consists in being able to alter 
appropriately in the face of each of these contingencies At an even 
more primitive level, obviously, it consists in emg 
their existence and to formulate hypotheses in such a way tat 
whatever the contingency met, one will know how and whether 
change one’s hypothesis 

A PARADIGM AND TWO STRATEGIES 

Three things are required to reproduce ^ 
comparable to the examples we hav g . j different in 

an array of instances that ^ ^ — in the 
others, so that there are mulhple J mu5l be encountered by 
array may be grouped Second, nQ control Third, the 

the person in an order over whic nositive or negative in 

subject must know whether each ms . concept Tourth, 

the sense of exemplifying or not e * e ™ P l^latc and reformulate 
the subject must be given frc ^ m5tlncc Given these req- 
hypotheses on each encounter concent to be attained 

uisites, a task is easily set A exemplars and 

is chosen, and the subject is 5 °' o , me ,, t0 formulate an h>- 
nonexcmplars of this concept * , noncxcmplar among 

pothcsis that vv .11 distinguish an exemplar Irom 

the instances he encounters ,ii„e»rated in Ticurc 1, com 

Wo begin with instances such as 

posed of the combinations of tlire ^ * tuo rc d squares and 

cards each shoeing four properties, , > - \\ c decide upon 

three borders” or “one black cross and t»o iKirdirs 
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burden of much evidence The list of localists, requiring oversimpli- 
fication m its compiling includes such names as Tritsch, Hitzig 
Bianchi, Flechsig and Adrian The totahsts have wanted to stay as 
close as possible to the whole cortex as an explanation, and it is only 
with the greatest reluctance that they will subtract any of its attributes 
as irrelevant Here too we find a distinguished list Goltz, Munk, 
Hughlings Jackson, Head, Goldstein, Lashley The interesting thing 
about each group is not only that they attempt to proceed as they do 
but that they urge the absurdity of proceeding in any other way 
In point of fact, one could begin either way— adopting cither a part 
or a whole hypothesis— and arrive at the same conclusion provided 
one did not become ngidified before the process of proof was com- 
pleted Here we must leave real neurology, for the issues are too 
tangled But if one works with the kind of schematization used in 
the last chapter, it is possible that, when one encounters an aphasic, 
one may base an hypothesis on the state of all areas or upon the 
state of one particular area What is even more important than the 
starting hypothesis is what one does with it when one encounters 
new instances that differ from it For an hypothesis is not a final 
declaration so much as it is something to be tried out and altered 
We shall be considering in this chapter the manner in which m the 
kinds of problems we have been discussing hypotheses are changed 
to conform to the arbitrary stream of events to which they are 
exposed 

The first and obvious thing about an hypothesis is that it can have 
any one of four fates when exposed to a new event to which it is 
relevant Let us bring Paul Broca back on the scene He has de 
clared his hypothesis on the relevance of the speech center Each 
new patient he sees can have his speech center intact or destroyed 
Agam each patient he sees must either have the symptoms of aphasia 
or not have them Broca’s world then is made up of four con 
tingencies r 


Speech Area 

1 Destroyed 

2 Intact 

3 Intact 

4 Destroyed 


Symptomatology 
Aphasia 
Aphasia 
No aphasia 
No aphasia 


It is apparent that two of the contingencies confirm or at least fail to 
infirm, Brocas hypothesis A patient with the speech center destroy- 
ed and the symptoms of aphasia confirms it One with the center 
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toto ones mttml hypothesis Tram here on the rules can be simply 
described They 'ire 


Confirming 


Infirmmg 


Maintain the hypothesis now 
in force 

Maintain the hj pothesis now 
in force 

Take as the next hypothesis 
what the old hypothesis 
and the present instance 
have m common 

Impossible unless one lias 
misreckoned * If one has 
nusreckoned correct from 
memory of past instances 
and present h) pothesis 


By following this procedure the subject win ar , 

concept on the basis of a minimum number of events -amM* 
The strategy has only two rules in addition to the >™tnl rule hat one 
begin with a positive instance m toto as one s hypothesis These 
rules are 

1 Consider what is common to your hypothesis and any posit 
infirming instance you may encounter 

2 Ignore everything else 

It is apparent of course that foeussmg in the^present cis^ 
gous to the focussing strategy under j j n b„th types 

chooses the order of the instances that e "" uscd lolo ls a 

of problems the first positive card enc °“ . su bscquent hypotheses 
guide in the reception case as lh ® “ deplrl ure fir all subsequent 
and in the selection case as the pom P ]nr1ctcr „,H system 

choices of instances whose positive or n i g ^ one chooses in 

atically delimit the concept In ocu g (hc focus clrd one 

stances the problem solver tests a ■ thc inltn l focus card 

at a time as a means of seeing which features « ^ cmbo <h C s this 

are relevant to the concept In t e rcc p ihntcs its attribute 

focus card in ones initial hypothesis ™d then mala, < 

values in the light of subsequent instances ^ ^ ^ ^ 1(Ic al 

In the interest of brief nomcMlam ^ in llic 

strategy just described as the tL hised on the whole instance 

adoption of a first hypothesis that u „, c mlcs of focus 
initially encountered followed b> an _t n jj n ] so use thc expres 

sing just described ITom time to im 
sion focussing to describe the strateg) 

* Tor a fuller expos lion of tl s point sec 11 
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a “concept ’ say ‘all black figures ’ We present one instance at a 
time to the subject, telling him whether or not it exemplifies the 
concept, whether it is positive or negative After each card, the 
subject is asked to indicate his best hypothesis concerning the nature 
of the correct concept Thus, following the presentation of any 
given card, he offers an hypothesis The experimenter makes no 
comment The next card the subject encounters must perforce 
represent one of the four possible contingencies It may be positive 
or it may be negative Whether it is one or the other, it also has the 
property that it confirms or tnfirms the subject’s previously held 
hypothesis about the nature of the correct concept 

Before examining the behavior of subjects dealing with such 
problems, it is perhaps well to consider the ideal strategies that are 
applicable Logically, they are identical to the strategies discussed 
in the last chapter First, there is a focussing strategy which, as 
before, is useful both for maximizing information yield and for re- 
ducing the strain on inference and memory The surprisingly simple 
rules for the alteration of hypotheses with this strategy are best 
presented with the aid of an illustration 

The clinician begins, let us say, with an aphasic showing a badly 
damaged brain— Areas I to VI destroyed He takes as his first hy- 
pothesis that destruction in all six areas must be responsible for 
aphasia If he should encounter a positive confirming instance (an- 
other aphasic with like destruction), he maintains the hypothesis in 
force If he should meet a negative confirming instance (a non- 
aphasic with some or all of the areas intact), he still maintains his 
hypothesis The only time he changes is when he meets a positive- 
mfirming instance An example of one such would be an aphasic 
with Areas I to III intact and Areas IV to VI destroyed Under 
these circumstances he alters his hypothesis by taking the intersect 
between his old hypothesis and the new instance those features 
common to the two The features common to the old hypothesis 
and the new positive instance can be readily seen 

Old hypothesis Areas I, II, III, IV, V, VI destroyed produce aphasic 

New positive instance Aphasic with Areas I, II, III Intact, IV, V, VI 
destroyed 

Thus the clinician chooses as his new hypothesis “Areas IV, V, and 
VI destroyed produce aphasia” 

Now consider the rules m their barest form The first one is of 
central importance Take the first positive instance and make it in 
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Confirming 


Infirmmg 


Positixe Instance Negative Instance 


Maintain hypothesis now in 
force 

Maintain hypothesis now in 
force 

Change hypothesis to make 
it consistent with past 
instances i e , choose an 
hypothesis not previously 
mfirmed 

Change hypothesis to make it 
consistent with past 
instances, 1 e choo c e 
hypothesis not previousl} 
mfirmed 


For descnbmg this procedure we shall use the expression port scan 
nmg strategy or, on occasion part strategy . 

Let us now briefly sum up the differences between the h%o s 


gies 


1 Part scanning obviously makes more demands on 
inference than does the focussing strategy The whohsts ^thesis 

modified at each step to incorporate the information game 
^stances he has encountered He need never recall either P 
hypotheses or the relabon between these For his F resen ^ om 

w current summary of all these Only when he must re ^ 

error is recourse to memory necessary The part in firming 

hack on memory or the record every time he encoun 
mstance whole 

2 The scope of one s initial hypothesis— whether a pa Afferent 

hypothesis-will alter the probability of encountering ^ at 

contingencies This is a straightfonvard matter of of ^ 

« e ma( fe clear later in the chapter The most am £ 1 follows 

arithmetical fate” of the two strategies is that a w t psjcho- 

? the rules of his strategy will never encoun er in £rming case 
°gically disrupting of the contingencies the nega ^ character 

3 To succeed the scanner must remain a e ° l0 reV isc 

! S Ic f °f the instances he is encountering f° r ie r alertness and 

hi? ... , n decree oi .t 


i , tic wiw«*** o nr 

hu hypothesis in the light of these Such a degre 

Snrm^l a t fnniSSef -II 


he stays 


spread of attention is not required of the f 0 ^i , a r a c t c ri s 1 1 cs 
, “,' uIes ° f focu ssing he need P 1 )' no h - d I°, n correct his hypothesis 


with 


of the 


— ui locussing ne neea pay . 

T p S ances encountered after he has used them ° c 


— uutuuntercu auer nc nu» «•* in nature 

Non « .11 *t _ . . i — n continuing micro 


the 


r ^ ° u "dl the scanner must keep a c 

0< "' JS SCr nofsrl 1 Wit 


olll 


^sser need only he preoccupied with his hare three 

So much then for the ideal strategics Specific^), 


i Cc ^i' es m the research to which we now turn , DC rfornnucc eorre 
s T ^ 0 flrst is to examine the degree to «h-ch P 0 ,^ ^ „„ 
!pont h to the ideal strategies the degree to "hid 
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As in the selection case, scanning strategies are also possible here 
Again, they may take one of two forms The first is the simultaneous 
process described in the last chapter where a person attempts to use 
each instance to make all possible inferences about the correct con- 
cept A first positive card “eliminates these 240, and renders possible 
these 15 hypotheses,” etc This is the “simultaneous” form of the 
scanning strategy, so called because all alternative possible hypotheses 
are entertained simultaneously It is of little interest to us primarily 
because we find no behavior conforming to it Nor, for that matter, 
did we observe the kind of “lazy” successive scanning that can be 
described in ideal terms as formulating one hypothesis at a time and 
holding on to it so long as confirming instances are encountered, 
changing only when an mfirming instance is encountered to an 
hypothesis not yet tested Then one starts afresh to test the new 
hypothesis with no reference to instances used for the test of prior 
hypotheses This of course is successive scanning m its pure, dis- 
continuous form 

The type of scanning strategy that best describes the behavior of our 
subjects is, as before, a compromise between these two forms It is a 
strategy that begins with the choice of an hypothesis about part of the 
inffuil exemplar encountered When this hypothesis fails to be con- 
firmed by some subsequent t nstance, the person seeks to change it by 
referring back to all instances previously met and making modifications 
accordingly That is to say, he bets on some feature of the exemplar, 
choosing it as his hypothesis about why the instance is an exemplar of 
the category —why it is correct So long as the next exemplars also 
exhibit this feature, the hypothesis is retained Or if nonexemplars 
do not show it, it is also retained But as soon as an instance mfirms 
the hypothesis, the hypothesis is changed The change is made with 
as much reference as possible to what has gone before He now 
seeks to formulate an hypothesis that will be consistent with all in- 
stances thus far encountered To do so requires cither a system of 
note taking or a reliance on memory Let us look more specifically at 
the way contingencies are handled 

Confirming contingencies arc handled as m tlic ideal wliolist 
strategy The subject maintains the hxpothcsis m force The two 
mfirming contingencies present a challenge to the strategy in that both 
of them require him to go back in his memory’ o\cr past instances 
encountered 

To sum up the rules of tin \cinmm> slritegy arc as follows 
llcgm with jxirf of the first posituc instance as an hypothesis Tlic 
ri in-lining rales can Ik put in tin. familiar fourfold table 
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In these respects, the procedure differed from the procedure orig- 
inally introduced by Hull (1920) In the Hull procedure, the sub 
lect was not told what Ins task was Rather the task was presented 
as a study m rote learning The subject had the task of learning o 
associate names or nonsense syllables with instances that were pre 
sented to him There might, for example, be five different concepts, 
illustrated by an array of instances, and the subjects task was o 
"learn” that particular cards were labeled DAX, ot ers ’ . 

If he did not figure it out for himself, he might never realize 
‘DAX" cards were so labelled because they shared certain common 
attribute values The test of whether the subject had attained “ 
concept was, at least in Hulls study, whether the nonsense syllables 
could be applied to a series of new cards that illustrated the 
concepts hut which had not been presented e ore J 1 ’meed 
dental concept attainment was being studied i am J 
that the psychology of religion begin with the .nvesbgation of ^ the 
most religious man in his most religious momen 
outset to see concept attainment at its best , r , j, er e 

There is one other crucial difference °“ r iTeady been 

and earlier ones, a difference whose impor a " ce msoired by 

lucidly remarked upon by Hovland (19 ) wh £ lt wa s 

Hulls procedure, it was not made clear J . ^he 

about the instances presented to them tha ‘ b , f uncontr olled 

different attributes and their values were in short lett unc 
Thus, Hull used a set of pseudo Chinese characters, a particular ^ ^ 
cal of which was the defining attribute o e ^ . t consider as 
apparent that the number of * com p 0 nent stroke, angu- 

possibly relevant are close to limitless y , crow dedness 

lanty, or curvedness of components, “°ber of dis- 

of strokes, number of right angles, num rharacters predomi- 

connected lines, width, length, and symmetry “stillness" of the 

nance of vertical or horizontal strokes, “movement or stillness 

arrangement of strokes t0 w ] uC h and to how 

So long as the experimenter doe ff * n rhnf» it is impossible 

many component attributes the subject is f 1 being presented 

to control or understand the amount of One 

to the subject by any one mstan« “ ^ m format.onaIly adequate 
cannot know when the subject has t h e correct con- 

senes of mstances-adeqinte to ehmim e . u ’ m bcr of defining 

cept Nor is it possible to stud, the effect "“ fnols} Levant 
attributes in the concept as compar , t crs in concept attain- 

attnbutes To be sure, the use of sucl. characters 
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Broca or a Flourens from problem to problem and from contingency 
to contingency 

2 The second is to examine change in performance over a long 
series of problems varying in the cognitive strain they impose 

3 Finally, we wish to raise some questions about the effectiveness 
of the two strategies under varying work conditions We know, for 
example, that scanning is more dependent upon memory and inference 
that is focussing What. difference does this make for success and 
failure in attaining concepts* 5 


AN EXPERIMENTAL DESIGN 

Our experimental operations can be sketched rapidly so that the 
present design may be contrasted with some of the classical studies 
At the outset the nature of the task is fully described for the subject 
As noted earlier an array of instances is constructed The subject is 
presented instances from this array one at a time, and each is desig- 
nated as either positive or negative The first instance presented is 
always positive The subject is asked after each instance to state lus 
hypothesis concerning the correct concept what it is that the first 
positive card exemplifies Instances are presented until the subject 
has had at least as many instances as would be required logically to 
eliminate all hypotheses save the correct one At no time does he 
have more than one instance before him, and should he ask about 
instances previously encountered the experimenter demurs No such 
aids as paper and pencil are permitted him Moreover, it is explained 
at the outset just what it is about the instances that need be con 
sidered the shape of the figure they contain, the color of these figures, 
their number, etc * 

For the reader not well acquainted with the literature on concept 
attainment, we should like to point out here several crucial differences 
between the conduct of this experiment and of classical experiments 
in tins field which have also used arbitrary sequences First no effort 
' %as made to conceal the nature of the subject's task He knew that 
Ins job was to find out the “correct concept ” He knew what a con 
cept " as a grouping of instances in terms of common properties He 
kne\% vhat properties of instances were worth considering And he 

new , ina ) , t lat w nt lie was seeking was a conjunctive concept, and 
that onl> one concept was to be attained in each problem 


• Were part.cuh.lj indebted to Mu Mary c , a „r„,d p ot , cr for 
font " nr doming techniques of aualj.b 
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in mind After each card , please write down your best guess of the 
concept ” Each subject was pro\ ided with a response sheet Eac 
problem was done on a single sheet, the last entry on the sheet being 
the subject’s final answer If the final answer corresponded to the 
correct concept, the subject was considered to have attained the con 
cept Cards were presented one at a time for only ten seconds o 
hints were given and once a card had been shown and removed the 
subject was not reminded of what it had been The subjects were in 
structed to write down on their score sheets only their hypotheses 
and nothing else It was not possible for them to refer back o 
previous hypotheses since the subjects were asked to cover em, 
soon as they are written dowai, by a card This covering car ' 
also a "code card’ containing abbreviations for the subjects t 

* .»i r . « H-d * 

Wellesley undergraduates, were given 14 pro eras o WIt j 1 

problems varied in the number of possib y re evan tbat 

which the subject had to deal and in the number of ttt .but- tha 
defined the concept The number of possibly relent f “ 
varied from three to six and the number of attributes that actually 
defined the correct concepts varied from one to live 

The attributes used for any given problem were chosen at random, 
with the restriction that all six attributes were T X { 

the 14 problems When, for The other 

three attributes, subjects were told ^ ^ ^ subjects 

attributes were kept at a constant v *. were similarly 

from their task The attributes that defined 1. o-g Jbef ore 
chosen at random, with the same resta were such as to approximate as 
The instances used for each problem were such as enough 

closely as possible the f oII °' vin S “ “ aye sufficie ’nt information for 
instances he given so that the subj -nstances included in the 

attaining the concept with no re un presented for each 

senes Second, that the total number of to negative 

problem he the same Th,rd, that dieraho oT pos* 
instances presented in the various pro second, third, or fourth 

each problem occur equally often in e ab]e to con)e close 

quarter of the series of problems ,j ^possible to realize 

to these prescriptions it c 0 " [ n(o four subgroups and 

them completely Subjects had to be di , 

. i « .i i rr_ a. rtf TirObl^nl 


them completely Subjects nau lu ”'' r ^ e nature of the instances 
given slightly different sets of problems b p ,s set forth m 

presented in the set of problems given to one gr 


Table 1 



136 A Study of Thinking 

ment studies provides highly useful knowledge— knowledge about the 
manner in which subjects absti \ct attributes from a complex situation 
But the process of how concepts aie attuned, given the absti action of 
attributes, is greatly obscured Perhaps most serious of all, where the 
experimenter does not know to what attributes the subject is attending, 
he cannot know whether the instance he is presenting a subject is posi- 
tive confirming, positive mfirming, negative confirming, or negative- 
mfirmmg And moreover, in order to know the contingencies with 
which the subject is coping, it is necessary to h ive the subject state Ins 
hypothesis after each instance rather than merely respond in terms 
of a set of labels 

These points of design reflect our concern with the necessity of ex- 
ternalizing the decisions a subject makes en route to the attainment of 
a concept, a concern discussed in Chapter 3 It was a deliberate 
choice on our part to use a known number of attributes, each with a 
known number of values— known to both the experimenter and the 
subject If you will, then, this is concept attainment with the per- 
ceptual abstraction phase by passed 
Details of Procedure The instances were cards containing various 
shapes, colors, and numbeis of figures, and various kinds, colors, and 
numbers of borders The six attubutes and their values comprising 
the problems were 


Number of figures one, two, or three 
Kind of figures square, circle, or cross 
Color of figures red, blue, or green 


Number of borders one, two, or three 
Kind of borders solid, dotted, or wavy 
Color of borders red, blue, or green 


Subjects were run in groups of about ten They were first shown a 
samp e o severa stimulus cards and the experimenter points out how 
e car s vary in t eir attribute values It was then carefully explained 
to the subject that a concept is a combination of attribute values, eg, 
awards containing crosses/ or "all cards conta.nmg one green fig- 
ure ms, e experimenter points out, certain cards represent posi- 
tive instances of the concept For example, the card containing "one 
green circle with three borders" (lC03b) is a positive instance of the 
concept cards containing one green figure" By the same token, the 
subject was informed about the meaning of a negative instance as a 
card not exemplifying the concept 

We then said "f will now show you a sequence of cards and tell you 
whether each rs a positive or a negative instance of the concept I have 
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rect solution with minimum information? Where does a subject s per- 
formance div erge from the ideal strategy? 

Regarding consistency in the utilization of part and whole hy- 
potheses on a series of problems done by a single subject, there is a 
very marked tendency for the subject to use one or the other approach 
consistently In this type of problem, at least, people are either con- 
sistently like Broca or like Flourens The relevant data are presented 
in Figure 3 



Figure 3 The percentage distribution of 0 theses in 

frequency with which they used p ^jS“J ns 


to the relative 
dealing with 


We also see in this figure that it is the ency^tt 15 rather 
the two forms of initial hypothesis wi q Dre ferred to the part hy- 
lnterestmg, too, that the whole h>q>ot es ^ re k e gun with whole 

pothesis • In fact, about 62% of the pro th 0 f this prefer- 

hypotheses A word must be said about the str g 

ence , aV f ou r attribute values. 

Upon being shown an instance exhibiting, one contains all 

h er e ^ - hvr.ntbeses possible ur 


pon being shown an inswiiw 
3 are 15 opening hypotheses possible 


• In a partial rcpl.cat.oa of th.s ey = nm ™‘ r °"" d 

th no Ume pressure, the same preference lor 
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TABLE 1 

The 14 Problems Given Subjects in One Subgroup 
Problems 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


Attr values of concept 1 

Total attributes in array 3 

Informative pos instances* 3 

Redundant pos instances 0 

Informative neg instances 1 

Redundant neg instances 2 

Total instances presented 6 


212331234 1 2 3 4 

344445555 6 6 6 6 

233223332 3 3 3 3 

100010001 0 0 0 0 

222332234 1 2 3 4 

111001100 2 1 0 0 

666566667 6 6 6 7 


But the fit to our prescription was not bad at that All but three of 
the problems m this set contained six instances, and these three were 
only one away from this number Four of the problems involved 
instances comprising exactly one full informational cycle with no re 
dundant instances, the others contained one positive redundant in 
stance, and sometimes one or two negative redundant instances The 
balance of positive and negative instances was practically constant 
throughout Finally, nearly all the possible combinations of ratios 
of defining to total attributes were represented all the way from one 
defining attribute value for a three attribute array to four defining at- 
tribute values for a six attribute array 

ADHERENCE TO STRATEGY 

Two ideal strategies have been described m terms of a set of rules 
for constructing a first hypothesis and for changmg it upon encounter- 
ing vanous contingencies The general question we wish to ask is 
whether, on the whole, subjects adhere consistently to the rules of 
these strategics or whether, if you will, their behavior is random 
The question is reminiscent of one asked years ago by Kreclievsky 
(1932) about maze learning in the rat is it a chance performance or 
s)stematic, this process of finding the way to a correct solution? 

Three concrete questions can be put Problems are begun with 
cither the part hypothesis of the scanner or the “whole” hypothesis 
of the focusscr Are subjects consistent from problem to problem in 
using a whole or a part initial hypothesis 0 Gi\cn an initial hypothesis 
of one or the other type, to what extent do subjects follow the remain 
ing rules of the ideal strategy tint would permit them to reach a cor- 


•TW* include the posilne instance, le, pr „ enle d 
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The Meeting and Handling of Contingencies Whohsts Recall the 
four rules for the ideal focussing strategy, the ideal ways for a wholist 
to handle the four contingencies 


Contingency 

Positive confirming (PC) 
Negative confirming (NC) 
Positive mfirming (PI) 

Negative mfirming (NI) 


Ideal procedure 

Maintain hypothesis now in force 
Maintain hypothesis now in force 
Change hypothesis to whatever the old 
hypothesis and the new instance 
have in common 

Change hypothesis on the basis of 
memory of past instances 


How often are these rules followed by subjects who begin with a 
whole hypothesis— the wholists? The ideal rules are fo owe on 

54% of encounters with PC contingencies 
61% of encounters with NC contingencies 
54% of encounters with PI contingencies 
10% of encounters with NI contingencies 

The first three contingencies are handled ideally with a 
m excess of chance, and we shall return later to the 4^0 ofwhat 
constitutes chance performance But ideal hand ing o g* 

mfirming contingency is strikingly rare Why . C v he 

For the wholist to deal with the negative mfirming coding * 
must change his hypotheses on the basis of is mei ™ Y j 

stances encountered In short, he must backtrack Th. S >s*c ° ly 
contingency where focussers must use memory m v t hey 

practice, wholists do attempt to remember past instan " a J 

meet a negative mfirming contingency, but to remem y 

to extract the implications from what they have remembered, a as 

most often beyond them Actually, m^ do^s not tend 

arise— if the other rules are followed Since tocus ‘ in ,.„ nces> lt , s 

to orient the person toward literal remembering o P success £ u ]ly in 
not surprising that the contingency is only dealt shall ex- 

about 1» of encounters The scanner, whose behave we ^ 
amine in detail shortly, is more memory onente , 
fully with this contingency on 26* of Ins po s,tive wfirm- 

The focussers departure from the ru e contm gency is ideally 
mg contingencies takes a simple form Th^ ^ comm on to the old 
roet with the intersect rule take that before one On oc- 

hypothesis and the mfirming positive ins one maintain their 

casions, subjects are tempted to ignore - un denntcrsect ' " TT " 
old hypotheses unchanged More o > } thesis 0 nl> 

derintcrsecting consists in using for o 


Un 

some 
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four attribute values, and 14 contain fewer than all four of these. The 
larger the number of attributes in an instance, the greater the number 
of alternative hypotheses possible. But always, there is only one of 
these alternatives that contains all the attribute values on the instance 
—the so-called whole hypothesis. Thus, the probability of choosing a 
whole hypothesis by chance alone diminishes as the number of attri- 
butes used increases. The best way of showing the strength of our 
subjects’ preference for whole hypotheses is to consider the proportion 
of whole hypotheses actually used and the number expected by 
chance. 


TABLE 2 

Percentage of Problems Begun with Whole 
Hypotheses and Percentage Expected by Chance 
Number of Attributes Percentage Begun with Percentage Expected 
in Array Whole Hypothesis by Chance 

3 70 12 

i 65 7 

* 59 3 

0 70 2 

The first question posed was whether subjects are consistent from 
problem to problem in their preference for either part or whole hy- 
P .° °r°r ^ 1 ° ?” swer can he g iven in three parts: a. They are con- 
h™,l, fr0m r Pr0 - b ° m l ° P robIem ' b ■ There is a preference for whole 
jpotheses far rn excess of chance, c. Both the consistency and the 
presence hold for problems of varying complexity. 7 

rrest the F™ C1 ^i CC l° r wbcdc hypotheses? Two explanations sug- 
bo doah , T i‘ e iS tH: “ When the number ° f attributes to 

wdtlfthcm ^nt relatively limited, a person may be willing to deal 
immediate me 0nCC r Perba P s ba ^ we gone well above the subjects’ 
~ brcTthTm f 'T cmi l n Span ’ lW m! S bt bave been a tend- 

" ith Pa , CketS ,° f atlrib “ tcS ‘ 
the role of verisimilitude was disented i° i” S f {.T * , T 

rial used here, it is not likely tlm snbie , n 0 ”“*7 

crcnces about the relevance of nan ' L™ , 7. "T S P 
They have no favorites to ride ZZ aUrlbu ‘ c , s ,n ,bc arTa >’ 

“r° mca r ;,pon a «s c b r 0 pr<> 

hamothrU Jon. , C °?, CCrncd OUKeIv « with the nature of the initial 
S n" , r r P T.“ cf thc i'h'strative positive card. 

tl,C!C inl,ial hypotheses arc modified 
in the light of contingencies subsequently encountered. 
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TABLE 3 

Handling of PI and NC Contingencies by Tocussers 
Response to Contingencies Number of Problems Per Cent Solved 
Both contingencies always 103 07 

handled appropriately 

Neither contingency ever 100 M 

handled appropriately 

PI appropriate, NC not 54 

NC appropriate, PI not 37 

In brief, then the handling of the positive infirming contingency by 
the intersect rule is the heart of the whohst strategy, for it is y 1 11 s 
rule that the subject is enabled to alter his hypotheses in a manner 
such that it summarizes and keeps current all the information he has 

encountered to date , „ 

The Meeting and Handling of Contingencies Partists How 
scanners fare when they meet the various contingencies e 
of the ideal scanning strategy are as follows 

Contingency Heal P rocedure 

PC Maintain hypothesis now in force 

NC Maintain hypothesis now in force , ast ms tances 

PI Change to a hypothesis consistent with memory p 

NI Change on same basis as for positive infirming 

How often do partists follow these rules? They follow them on 

66* of encounters with PC contingencies 
52* of encounters with NC cond ”f 
50% of encounters with PI conti g 
26% of encounters with NI contingencies 

As with the wholists the widest divergence i from ^ _ jnstance 

dealing with the taxing contingency o! a " e £ how the partists 

Consider, as we did before in the case of the wholists how P 

come to deviate from the ideal strategy hv8 or negative, a 

Faced with confirming contingencies, ei P W1 th the 

subject should mamtam his hyp°t "“difficult ‘ t0 maintain a hypotli 
wholists, however, many partists find it ns t anC e They too feel 
esis unchanged in the presence of a new J , ns tance 

that change is progress, that use should be made 
presented them difficult to deal with 

Why is a negative infirming contingency striking 26% as 

for a pnrhstv Adherence to the idea rule « l!lin | n nega 
against 50% for an infirming positive instance - The card il- 

twe ,„fi rming contingency contains a “double negative 
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of the features common to the old hypothesis and the new infirming 
positive instance 

The lack of complete adherence to the ideal rules for handling con 
firming instances (either positive or negative) brings to light an in- 
triguing feature of subjects’ performance The rule for both confirm 
ing contingencies is Maintain unchanged the hypothesis m force’ 
The fact is that for some subjects at least it is difficult to maintain 
hypotheses in their present state when new instances come along 
The involved subject often feels that he is making progress only when 
he changes his hypothesis in response to new instances Maintenance 
seems to be equated with ‘ no progress ” He is, if you will, too ‘par 
ticipant, too devoted to the idea that change is progress 
Consider now the frequency with which whohsts actually encoun- 
ter the various contingencies en route to attainment The average 
problem contained five contingencies five instances encountered after 
the initial illustrative card Of these, 


0 3 were PC contingencies 
3 0 were NC contingencies 

1 6 were PI contingencies 
0 1 were NI contingencies 

It is quite evident, then, that the principal contingencies to be coped 
with are negative confirming and positive infirming, constituting 4 6 of 
the average of 5 instances encountered on each problem 

o etermine which of these two important contingencies— positive 
in HHing and negative confirming— created more trouble for users of 
le wo ist strategy, the following analysis was carried out Prob 
lems handled by the whohst strategy are separable into four types 


b TW 1 ,vl"' hlCh b .V h c<ralln ge»cies were handled appropriately 
b Those where neither was handled appropriately 

not " W PI cont,n S cnc,es a ere handled appropriately, but NC 
cl Those where NC contmgenc.es were handled appropriately, but PI 


Table 3 sets forth the number of problems of each type and the prt 
j or ion o eac t type successfully solved In brief summary, handlin 
both coot, ngcnc.es appropriately leads to actually certain succes: 
I lamlling neither appropriately alnajs leads to failure If one doc 
not handle the positive infirm, ng cnntmgencj properlv, failure is .1 
l.lu h as ,f one violated both cm, cal contingencies Snell .a violator 
is fir worse than improper handling of a ncgat.vc confirm, ng cm 
tinge nev, ,ftcr n violation of wind, recover} nod success follow- ha 
the time 
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Once again it is the handling of the positive mfirming contingency 
that is the heart of the strategy For the focusser, its handling in 
terms of the intersect rule was the way m which he could so modify 
his hypotheses that each hypothesis was a summary of the informa- 
tion encountered up to that point For the scanner, the use of the 
positive mfirming contingency is equally crucial it provides a base 
on which to build a new hypothesis and a score card against which 
memory of past instances can be checked 


THE EFFECTIVENESS OF THE TWO STRATEGIES 

Which strategy leads more often and more efficiently to success? 
Complete adherence to the ideal rules of either, of course, ea s wi 
inevitability to success But there are deviations from t e 1 ea ru e s 
all wholists do not always adhere to the rules of focussing, nor pa s 

If one’cfn compare the success of partists and wholists, ^ taking I their 
strategic behavior as we find it, the advantage lies wi ic 
But the real question is which strategy is the more effec i 
what conditions ? Does the effectiveness of each stra egy > 
the over-all difficulty of the problem to which it is app'«d, ' and 
there a difference between the two in this effectiveness? K< ^call that 
the problems given to subjects varied in difficu ty 1 ty 
mg upon the number of attributes to which one had to abend Jor 
the larger the number of attributes represente y 
dealt w g ith, the larger the number “b“e vabefam 

of which the instances may be grouped oossible 

present in a first positive instance presente , e £“ sum 0 f a values 
hypotheses about the correct concept wil equ . kmg 

taken one at a time (for one value hypotheses ) aken two at abm_ 

(for two value hypotheses), up to A at a tone (for 

eses) The number of possible concepts for each case used, 

IS 0 

Three attribute problems = 7 
Four attribute problems = 15 po nb concepg 
Five attribute prob ems - 31 P« ^ 

Six attribute problems - 63 possim 


•Hie formula for die number of hypotheses after a Erst positive instance is 
It. f (A), where H!slhe number of hjpothedcal concepts posstbl. 
first positive Instance and A is the number of attnbntes in Ibe array 
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lustrates what the concept is not, and it also tells you that your present 
hypothesis is not right In this sense, a negative mfirming con 
tingency provides highly indirect information Furthermore, such an 
mstance provides one with no new base on which to ground a new 
hypothesis A positive mfirmmg contingency provides at least a set 
of attribute values upon which a new hypothesis can be formed 
Consider now the frequency with which scanners encounter the 
various contingencies en route to attainment The average problem 
contains five contingencies Of these 


0 6 were PC contingencies 
2 7 were NC contingencies 

1 3 were PI contingencies 
0 4 were NC contingencies 

As with the focussing strategy, the contingencies most frequently en- 
countered are negative confirming and positive mfirming, constituting 
of the average of 5 contingencies met per problem per subject 
o determine which of these contingencies was the more crucial 
or users of the scanning strategy, we again divided problems into the 
tour familiar groups 

h TWo II V v * 11 °h brth contingencies were handled appropriately 
c Sn v n T f I ,f7,er was ha ndled appropriately F 7 

not Here PI C ° ntingenCies were handled appropriately, but NC 

d Those where NC contingencies were handled appropriately, but PI 

nronnrhn CtS /° rt u ^ num ^ er problems of each type met and the 
proportion of each successfully solved 

TABLE 4 

Handling of PI and NC Contmgenc.es by Scanners 

Both contogenc,™ nlXT 63 NUmb<!r °' Problem3 Per Cent s ° lved - 

handled appropriately 
Neither contingcncj c\er 
handled appropriate!) 

PI appropriate, NC not 
NC appropriate, PI not 

JLTd appr ° ima,ciy ,s 

r r«:! v c ir to 

r S contingency' appropriately, failure is ns likely as if 

nether contingency had been appropriately responded to 


73 


85 


52 

29 


31 

7 
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marked superiority to partist scanning? The lesults thus far pre 
sented indicate a general superiority of the former over the latter 
It seems reasonable, does it not, that the more difficult one made the 
task of remembering instances, the more maiked would this superior 
ity be Take, for example, the * time strain imposed by the ten 
second presentations used m the experiment just described What if 
the subjects had been run individually and had been allowed to get 
instances for testing at their own pace and with as much time regis 
tering on instances as they wished? An exploratory study of just this 
kind has been done (Austin, Bruner, and Seymour, 1953) The same 
strategies emerge, the same proportion of wholists and partists al- 
though the degree of adherence to ideal strategy is greater un er 
these relaxed conditions It is interesting to compare the behavior of 
subjects in this experiment with that of the time pressure su jec s 
with whose behavior we have been principally concerne in is 
chapter Consider the effectiveness of wholists and partists on com 
parable three- and four attribute problems Without time press ure 
and proceeding at their own pace, wholists and partis s o eq 
well 80% of problems done by wholists were sdved correctly 79% 
done by partists But with time pressure, 63* of prob ems done by 
wholists were solved, 31* done by partists In short, time j ires ure 

has a relatively small deleterious effect on the success of focusing, 
but a major effect on the success of scanning— literally b 

^Treasonable conclus.on, akin to the conclusion of the 
chapter, is that the more a task increases the 

strategy, the more hazardous will such a strategy Bruner, 

i the number of alternatives to be kept in mine leg Bn**. 


r cuts down redundancy, or increases 
s reasonable to expect that a strategy 


increases t 

Miller, and Zimmerman, 1955), < 

stress and time pressures it seems Zsamoxe than one not 

requiring feats of memory and inference \ 
requiring such feats 

STRATEGIES AS DESCRIPTIVE OF BEHAVIOR tho be 

Early m the chapter the point was made in p ^ ^ ,j ca l s trate 
havior of our subjects conformed moderately " f con f or mance 

gies we had described and that moreover, the deg 

‘There are several small differences between d Dres wres principal!) tlmt 
pressure was applied and the pilot study without tim p lnsl a„ces linn 

the problems worked under time pressure had u fte differential 

the leisurely problems This probably contributed additions y 
effectiveness of the tv-o strategies 
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It is quite evident that the task of keeping track of possible hypotheses 
increases considerably in difficulty with an increase m the number of 
attributes in the array 

Figure 4 indicates that the number of attributes in a problem is 
indeed a source of increasingly difficulty It is not surprising that 
the whohsts were more effective with problems at all levels of dif- 
ficulty The fact of the matter is that it is easier for a subject to 
follow all the rules of focusing, and the superiority of the wholist 
does indeed derive from this kind of total adherence For all levels 



all thc^rnW WCrC more P eo ple who seemed able to adhere to 

ZlrytZ a s ™ S ?C: 'T I 16 l ° f0,W thrOU S h " lth 

#] )p _ . . . S The only explanation we can give as to 

''hen nrohW „ relled ,° n SCannm S did not “fall apart" faster 
that tlfo nice nFih' m ° re dlfficult than did wholist focussers was 
number of e l Cnment <°° With an increased 

after the other at a rapid rate'tlw'f' ' and ™ lh ,nstances com,n S one 
t * . \ u rate » tlie focusser was as likelv to net con- 
fused in remembering Ins hypothec 7 ® „ 

past instances We Inc e no d Z, “ . Scanner was “ KoJtag 
1 . . no direct evidence in support of the ex- 
planation, but it seems reasonable A 1 

Under what conditions would one expect wholist focussing to show 
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marked superiority to partist scanning? The results thus far pre 
sented indicate a general superiority of the former over the atter 
It seems reasonable, docs it not, that the more difficult one made the 
task of remembering instances, the more marked would tins superior 
lty be Take, for example, the "time strain’ imposed bv the ten 
second presentations used in the experiment just described What it 
the subjects had been run individually and had been allowed to get 
instances for testing at their own pace and with as much time regis- 
tering on instances as they wished? An exploratory study of just this 
kind has been done ( Austin, Bruner, and Se> motir, 19o3 ) The sa 
strategies emerge, the same proportion of who ists an par is » 
though the degree of adherence to ideal strategy is g rr ' a ® r u 
these relaxed conditions It is interesting to compare t e e avtor 
subjects in this experiment with that of the time pressured : subjec 
with whose behavior xve have been principally «»»! *«« 
chapter Consider the effectiveness of xvholists and partists on com- 
parable three- and four-attribute problems Without 
and proceeding at their own pace Ms and J«****““g 
well 80% of problems done by whohsts were ^ °^one by 

s : sjfcSfiSSJSspapii * 1 

fectiveness * , . th conc Iu 5 ion of the preceding 

The reasonable conclusion, tbe strain inherent in a 

chapter, ,s that the more a ”^ta»ne H one 

strategy, the more haz “?°^ f0 be kept m^md (eg, Bruner, 
increases the number of alte ^ down redundancy, or mcreases 

MiUer, and Zimmerman reasona ble to expect that a strategy 

stress and time pressures, it ,j 5uffer more than one not 

requiring feats of memory and inference 
requiring such feats 

STRATEGIES AS DESCRIPTIVE OF BEHAVIOR 

STRATEGIES. At. lie, made ^ mg that the be 

Early in the chapter the p derate ]y we Il to the ideal spate 

havior of our subjects con or r t he degree of conformance 

gies we had described and that, moreover, g 

„ j <r between the major study where time 

• There are several small diffe wlthout nme pressures prme.pally that 

pressure was applied and the p J uie had fewer redundant instances than 

the problems worked under H«P* mnmbat ed add.t.oually to the differential 
the leisurely problems This probably 
effectiveness of the two strategies 
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It is quite evident that the task of keeping track of possible hypotheses 
increases considerably in difficulty with an increase in the number of 
attributes in the array 

Figure 4 indicates that the number of attributes in a problem is 
indeed a source of increasingly difficulty It is not surprising that 
the vvholists were more effective with problems at all levels of dif- 
ficulty The fact of the matter is that it is easier for a subject to 
follow all the rules of focusing, and the superiority of the wholist 
does indeed derive from this kind of total adherence For all levels 



all thp C rnW f Were more people who seemed able to adhere to 

s ™“r g S: n "r i le ,o fo,w through w f 

wh\ the mrhctc i T he nl y explanation we can give as to 

vhL nrobw J rdied ,° n Scan ™5 did not “fall apart' faster 

ihat the m oo JT ^ d ‘ fficult tlnn dld wholist *™«ers waS 

number of' attribute m tiiTmstan™ 'r Wlth an Increased 

nftpr thf> ^ n j lnstances » and with instances coming one 

fused n\™ , ra ? ,d J ate - the f °“^r was as hkely to get con- 

nast instan^r w ng t “ l,yI ’”! 1, “ as «•<= scanner was in recalling 

olalat o I? , 1 " e me n ° dlrect evi dence m support of the ex- 
plination, but it seems reasonable “ 

Under wlnt conditions would one expect wholist focussing to show 




149 


Reception Strategies in Concept Attainment 

ferent numbers of attribute values More concretely, what contin- 
gencies should a wholist or partist encounter? There may be one , 
two-, three-, and four-value hypotheses in the face of one , two , or 
three-value concepts Begin with the presentation of a first instance, 
a positive card exhibiting one of three possible values of each of four 
attributes The correct concept, let us say, is defined by one of the 
attribute values on the first card The first card is “2RO!b” and it 
exemplifies the concept * R ” Suppose the subject now adopts a one 
value hypothesis consistent with the first instance This could be 
either “2,” “R ” “Q,” or “lb ” Now we ask, what is the chance that 
a next card, chosen at random from the array of possible instances. 
Will be positive confirming, positive mfirming, negative confirming, or 
negative mfirming? We know that one-third or 27 of the cards m the 
array are positive, l e , contain a red figure Now the chance that any 
of these will be positive and confirming will be as follows If the su 
ject has the right hypothesis, ‘R ” all 27 positive instances will be con 
firming If he has any of the three wrong one-value hypotheses, say 
lb,” only nine of these will be confirming the nme instances a 
contain both “R” and “lb” Thus, the average theoretical frequency 
°f positive confirming encounters on the first instance a ter t le i 
lustrative card is 

9 + 9-f'9d“27_i2 ^ 

4 


ft is m this way that the values contained in Table 5 are compu , 
They represent the average theoretical frequency with w ic i a s 
instance in a senes will fall into one of the contingencies w 
second instance has been picked at random from the array o 
S1 ble instances , n f 

11 can readily be seen from this table that there > “ ™ ? .nstance 


e ncounteri 


itenng a negative mfirming contingency o hvnoth- 

rf T be S- ^ adopting a fotS-value hypothesis (a -hoi 
esis) The smaller the number of values m ones 1 ‘ g rmin g 

Skater the likelihood that the next card will be nega £ 

» true regardless of the number of values actually defining ^ 
concept Contrariwise, the likelihood of encoun en g Rv-potli- 
confirming instance increases as the number of va ues 
esi s increases bc apparent 

ff we now examine the behavior of our subjects, * "* ineCS than 
partuts do encounter more negative W™ 1 ™* m5 tnnccs 
0 rsts, and that wholists meet more negative c r^ag to po* 1 ' 
S'm.Urly, Wholists will show a higher ratio of pos.tnciafina i 
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found was massively m excess of what one would expect by chance 
It is to this question that we must finally return How well is be- 
havior described by referring it to the yardstick of ideal strategies? 

The first and most obvious point to be made is that the ideal strate- 
gies that have served us so steadily in this chapter are essentially 
refined versions of what we have observed our subjects doing They 
were not invented by us m an a priori manner Our description of 
ideal strategies is a description of what, it seemed to us, our subjects 
were trying to ‘bring off * 

There are sources of evidence that are considerably stronger than 
this mild ‘intuitive' point The first has to do with the agreement 
that exists between the theoretical frequencies with which various 
contingencies should be encountered if subjects are conforming to 
ideal strategies and the actual frequencies with which contingencies 
were encountered The second is the analysis of total adherence to 
ideal strategy the number of cases m which ideal strategies were fol- 
lowed in their entirety, and the likelihood that such adherence could 
have occurred by chance 0 

Expected and Observed Encounters With Contingencies For pur- 
poses of discussion, we shall concentrate on a problem in which the 
instances presented the subject contain four attributes, each of them 
capable of exhibiting one of three possible values Let us say that 
the four attributes are number, color, and shape of figures and num 
er o or ers Given a first positive instance on a problem, one may 
choose as an hypothesis one, two, three, or four values of the initial 
P i°c 1V f u ard In thlS ex P enmen t the correct concept may m fact be 
defined by any one, two, or three of these values No concept is defined 
y all the attribute values in the initial illustrative card We know, 
r™ 111 .?’ at e ar 8® r the number of values defining a concept, the 
w _ , 6 P ° Sl ^ Ve car< J s In our present array, 27 of the 81 cards 
P ? lh , V ® * *** correct concept were defined, say, by the 

>f toitJS oonJett 1 " the 81 P0SSlUe W0Uld be P ° S,tlVe 
* ^ ^ uestIon lo exa nuned js how many instances represent- 
ing Z COntm Z e '}'™ be expected by chance, given the 

“ ° , an lm f 1 h >T°thcs.s marked by different numbers of 
attabute values, when the correct concept itself is defined by dtf- 

,ta*dI h bv < Am»,r c"' 10 ” * re the previously mentioned 

T°“l <1953) ln wW * “V* Jere .Bowed 
o proceed at their own pace and wrlhout llme ^ stu dy 

that we began our insert, gallon of reception .trateg,e, in concept attainment 
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a whole hypothesis If the wholist strategy is fully followed, nega- 
tive infirming contingencies cannot occur But they are encountered 
on an average of 0 4 tunes per problem per subject These negative 
infirming contingencies arise from subjects' occasionally departing 
from the rules of the strategy Outside of this one discrepancy be- 
tween the general observed and expected incidences of contingency 
encounters, the agreement is more than sufficient to demonstrate the 
utility of descnbmg and analyzing performance in terms of its con- 
formance to ideal strategies 

The Incidence of Complete Adherence to Strategy Rules 1 To 
what degree, given a part or whole hypothesis, do subjects conform 
respectively to the rules of the scanning and focussing stmtegies-thc 
strategies ideally suited for modifying such hypotheses’ The bare 

“ShgTtrSrtites, 38% were followed through 
with complete adherence to the rules of scanning , , h gh 

This incidence of complete and correct adherence is strikingly lug 
It ™ more so when we inquire how they compare with what one 
would expTct brchance What is the chance expectancy for strict 

ad ^ere C a e re various chance models that one can employ h “ e 
endowed, if you will, with differing amount ol ' nfere “ e J 

choose indifferently among the -06 /“bd^did into categones If 
which the array of ab£t his by- 

five instances are presented, an , f j. maintain 

pothesis each time an instance is encoun “X set of fir e hypotheses 
ft, then the chances of - 

over the five instances ''“'“course, B the prob ab,I.ty dial hypoth- 
fraction indeed And this, ot 1ccor j,ng to rule over five in- 

eses would bo changed consistent!) accord g 

s,ances . j , j„„ Pt model to be an) tiling but 

But surely this is too stiipi^, ^ property is that 

choosing a particular hypothesis would 
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TABLE 5 


Number of Instances in the 81 Card Array That Will on the Average Fall Into 
Each of the Four Contingencies When the Subject Has Adopted Different 
Numbers of Values of the Initial Positive Card as His Hypothesis 


Attribute Values 
Defining Correct 


Attubute Values in Hypothesis 

Concept 

Contingency 

1 

2 

3 

4* 

1 

PC 

13 5 

6 0 

2 0 

1 0 


PI 

13 5 

21 0 

25 0 

26 0 


NC 

40 5 

51 0 

53 5 

54 0 


NI 

13 5 

3 0 

0 5 

0 0 

2 

PC 

6 75 

4 0 

2 0 

1 0 


PI 

2 25 

5 0 

7 0 

8 0 


NC 

51 0 

66 7 

71 0 

72 0 


NI 

21 0 

5 3 

1 0 

0 0 

3 

PC 

2 5 

2 0 

1 5 

1 0 


PI 

0 5 

1 0 

1 5 

2 0 


NC 

53 5 

71 0 

76 5 

78 0 


NI 

24 5 

7 0 

1 5 

0 0 


‘‘™ “r®™ 1 " 8 ““‘“games than will partists Table 6 shows the 
nrohlem Ct ° 1 ®*i rent contingencies encountered by subjects on 

problems begun with whole or with part hypotheses 


TABLE 6 

Average Contingencies Encountered per Problem by Subjects 
Beginning With Whole and Part Hypotheses! 


Initial Whole 
Hy pothesis 

0 7 

1 3 
3 4 
0 4 
5 8 


Continues u 1 ^ hole In,tiaI Part 

pr< ^ pothesis Hypothesis 

PI ? 7 10 

N C 13 10 

34 28 

Total contingencies 5 8 * ® 

contingencies ^ a S reenie nt between the incidence of 

rateefes'and thpM T l ° ° CCUr * followed the two 

begun with part and « h'o’lehypMhes'es'’^' 11 ' 0 *° ^ “ Ule P rob,emS 

of cncountcnng^negatlv'c “fim C ’ IpeCled and observed frequcnc) 
b E ' tnhrming contingency after starting with 

.pp^h”' 1 ’ ° f ° f ™' hypothesis constitutes the uliol.s, 

^Hissed m G55 problems begun si,„, » h o,e Input, eses 2.4 begun sslth part 
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chest colds frequently during the last ten years All or some of these 
must be taken initially as a relevant hypothesis about the “cause" of 
cancer of the lung From then on, 'freedom' consists in the handling 
of four contingencies a problem solver will encounter exemplars and 
nonexemplars of the category for whose definition he is searching, and 
each of these will perforce confirm or infirm the hypothesis lie is enter- 
taining at the time of encounter What the problem solver must learn 
is how to modify his initial hypothesis upon encountering each kind 
of contingency And this task, we have seen, is bound by the nature 
of Ins initial hypothesis In the mam, the focussing strategy appro 
pnate to an initial whole hypothesis is less demanding both on in- 
ference and memory than the scanning strategy required to make 

good an initial part hypothesis , , , , 

It appears that far more people prefer to start with a whole hypoth- 
esis than with any other form of hypothesis Moreover, people are 
consistent from problem to problem m their initial approach I 
further appears that, whether one prefers a vvhole fiypothesrs or 
part one, one is likely thereafter to conform to the rules of the appro- 
priate strategy overwhelmingly in excess of chance 

Because the appropriate scanning follow-up to aparthypothe rs 
more mnemomcally and inferent.ally demanding than the focussing 
follow-up to an initial whole hypothesis, the former strategy may be 
considered more vulnerable to all those conditions that would make 
record-keeping difficult An experiment illustrating one sucl condi- 
tion has been reported The condition is the effect of time pressure 
reducing the time available for the subject to weigh, cor tder , J 
generally reflect on the nature of instances encountered When sue 
time pressures arc applied, xxe find that the damage done to the 
of the memory -bound part hypothesis is more severe than « >= damage 
to the w liolist The former cannot apply the rules of Ins strategy as 
effectively and one finds a sharp decrement in the proportion of prob- 
lems tint are succcssfull) solved 

SA iSSTiTS 

traveler learning wlnt tvpe < )f ” ,n cin , pervon who mmt 

without the pun of sampling the <«««%< * of in r*™ 
lean, what something is bv meins short of try me it out cured I 
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be a function of the number of consistent hypotheses possible given 
any one instance. For three-attribute arrays, there are 8 such; for 
four-attribute arrays, 15; and for five- and six-attribute arrays, 31 and 
63 respectively. Thus the chance of a particular hypothesis after any 
given instance would be % 5 , y 31> and % 3 respectively. The 
chance expectancy that a focusser will follow all the rules consistently 
on a four-attribute problem containing 5 instances would be (i/ 15 ) 5 
or once in 15 5 problems. This is still astronomical, and is consider- 
abl y g rea *er when one goes to problems based on arrays with still 
more attributes and still larger numbers of instances. The modest ex- 
ample just taken gives us a prediction that only once in 759,375 prob- 
lems should we expect to find the rules adhered to strictly throughout 
a pro em. This is for a robot who has good enough sense to emit 
only hypotheses that are consistent with each instance placed before 

One could go beyond the last model proposed and construct robots 
with better inference capacities and with the ability to store informa- 
tion from past instances But this can only end in the construction 
™ . e . s ows tbe same rate of adherence as our subjects, 
with In mi ^ * r a USe ^ exer cisc in model construction, it is not 
nt B * r r g f °un ur task - 0ur bas be “ to show, simply, 
ctes! of whit "Z* ‘° .«■» ™les of strategy was greatly in 
fashion. ° nC W ° U ^ 0 ^ tain * rom people behaving in a random 

RECEPTION STRATEGIES IN PERSPECTIVE 

of bm b nanatomy, Br 0 C cTand Flo ‘T ^ figUreS “ th ® hist0ry 

sumption that specific areas of the ^ ^ Z startin g with as- 
stuff for hypotheses about h w pr0vide one with the proper 
vie, ion tha^onn * ba with the con- 

Tlic burden of the studies ren^ c ° nCept ° f tho w!l0,e brain ' 

proceed rationally from either Ltiafnn"-.'^ ° ha P ter ‘ S thal on ° f" 

features of the brain are in t 1 * P° sl,lon to the discovery of what 
functioning, hinds Tf mental 

sequences that follow, for with each inhM r ^ 
distinctive and appropriate strategy. P r <*rence there goes a 

The task one faces in deni;™ 

stances is one in which the mafor freel" arbitr . ar >' sc< l ucncc of in- 
in formulating or altering his liviiotlie^ T ° f l! ,'° P robIem - s °'vcr is 
array of instances. Here is a rattenl ^r'i' 1 whal is common to an 

lives in a city, has immediate kin with a histoivrf CanCCr: ba ' mokcs j 
1 mstory of cancer, and has had 
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This keeps our subjects going In so far as other motives are also 
aroused m the situation, the "act of getting information takes on 
broader significance It may mean to the subject “I am a bright 
fellow” or “I’ll show this psychologist! Such extrinsic consequences 
of information getting may, of course, alter the patterning of the 
behavior observed in our subjects It is conceivable that had we 
exposed our subjects to the kind of status stress employed by Postman 
and Bruner (1948) in their study of perceptual recognition there 
would have been less incidence of adherence to strategy e o 
not know Obviously, our experiments are neither a proper samp mg 
of real life situations nor of the kinds of stress that can be applied to 
subjects Such research remains to be done The paradigm we 
have used will serve, we hope, to make that later research more 

te "L“e of motivation distinguishes our — . from 
say, the average scientist working on a comparable ^.entlfic problem 
Our subjects had no passion to prove that a particular attnbute was 
the correct attribute in the sense that Broca ^ 
that a particular brain center was responsible for human speech 
This /a matter of importance, and ,t seems not unreasonable to 
extrapolate from experiments m the preceding ^ chapter, to had 
there been such an investment m apiutou a ** ference for who ] lst 
have been far more part scanning P amone our 

focussing probably reflects a certain dispassionateness among 
subjects with respect to the attributes that were used in the exper. 

m Finally, one general point needs to be made Ir pealing tvnth tha 
task of conceptualizing arbitrary sequences, hum g 

in a highly patterned, Zs^i patting 

strategy has made it possible to J H acts „ a 

L’L^thatX^aHy coherent nature of prob, cm solving 
becomes clear 
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There are certain interesting ways in which our experiments differ 
from comparable problem solving m everyday life One of these is 
in the sheer concentratedness of the task We are rarely flooded at 
such a rate with new instances to absorb On the other hand, our 
subjects are required to retain only one concept at a time and aic 
shielded from other distractions Our subjects must also perform 
without the aid of such enormously important cultural tools as pencils 
and paper with all that these can do for us in extending the highly 
limited range of memory and attention Interestingly enough, how- 
ever, we find that allowing the use of pencil and paper and easy ac- 
cess to a record of past instances does not necessarily give an advan 
tage in performance (Cf Goodnow, Bruner, Matter, and Potter, 
1955 ) Another difference between our procedures and what hap 
pens outside the laboratory we know from the preceding chapter 
Tlie materials with which our subjects deal do not lend themselves to 
thematizing to encoding in the form of little plots or themas This 
abstractness of the materials is, we know, a mixed blessing On the 
one and, it saves the problem-solver from his preconceptions as to 
w lat is relevant But on the other hand, it prevents him from using 
e won erf ully diverse methods of conserving information through 
assimi ation to familiar themes the methods whose strengths and 
7“ e !i arG S ° VlVldly t0 * d in Bartlett’s classic Remembering 
SplfnlnoTox 6 n FT sIy recounted >n the studies of Miller and 
memory 6 phenomena^ Wh ° ^ apP ' led mf ° rmatl ° n “ 

m !! n v i th f P ° mt r" undoubtedI y occur to the reader that the 
what one rri SU ^ CtS Was eitber different from or ‘less than 
auences or rvf ff ex P ect to ^ nd in ordinary life where the conse 

Certainly motivation 'rT^lfferenr' Tm^ fT* '"iff'" 

snhipf'tc i aerent Intuitively, having watched our 

■; unhk ^ ■* » - 
the mntnnhnn i Can be taben to mean The sense m which 

hkelv to' find" l ““n r J » CtS “ ' dl£fere "t from what would be 
n l> t0 * nd n a real >' te situation is worth a word in passing 

ob^ islv iTouser 0 r‘° C ’ early -d the task 

But what TZ achievement needs and other extrinsic motives 

!ttU a concent 'Z° t T' ^ ^ to get information, to 

We need not go into the quKt.onrf V ftl Ul m °“ Ve ’ nobod >\"' 111 den >’ 

of such a need 8 All we need WnttCl ” T™ ^ “IS 
. Jr 15 inat °ur subjects were impelled 
by it As l, remarked in Chapter 3, the -reinforcement’ or satis- 
faction of such a need is the act of acquiring the information sought 
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criterion, may have no defining attributes in common Two positiv 
instances of the class, ‘allergy producers, mi) be as different a 
chalk dust from cat fur, sharing nothing save their like effect on ai 
organism The problem solver faced with the task of discovering 
the defining attributes of such a class must if he is to succeed 
abandon the conventional strategies of attempting to isolate those 
features that are common to all members of the class For m a dis 
junctive class, there are no such universal common features 

As an example of disjunctive concept attainment, take the brain 
anatomy problem discussed earlier A neuroanatomist is trying to 
find out which of six cytoarchitectural areas of the cortex are necessary 
in order for an organism to ^how pattern vision The class or concept 
being sought is brains adequate to mediate pattern vision' Six 
cortical areas provide the attributes to be explored for their defining 
value, and each of these ‘ attributes ’ has two values it may either be 
intact or destroyed AH that our neuroanatomical problem solver 
knows is that brains with all six areas intact exhibit the capacity for 
pattern vision, brains with none of the areas intact are incapable of 
mediating pattern vision 

If the class, ‘brain capable of mediating pattern v ision, were 
disjunctive, experiments would in the end show— to give one example— 
that so long as either or both of two specific areas are intact pattern 
vision can be mediated In this case, two of the areas, call them I 
and II, are defining attributes, four of them are ‘noisy or nondefining 
The defining properties of a brain capable of pattern vision, then, 
would be "instances of areas I and/or II ” We say that “experiments 
would m the end' show this But the fact of the matter is that in 
arriving at tins end there would be interminable ground for contro- 
versy, unless at the outset the essential disjunctiveness of the concept 
had been recognized If the assumption of conjunct^ cness prevailed, 
one scientist, having found that destruction of Area I disrupted 
pattern vision, would publish an "Area I theory" Another, finding 
that Area II produced pattern agnosia, would publish a contradicting 
paper A third, finding that destruction of both areas did the 
damage, would then claim that vcr> likely the first two scientists had 
inadvertently destro>ed botli areas through secondir) degeneration 
and tint was wli> they had obtained the effects Uint is crucial 
for utilization of the information obtained b> these experiments fs the 
adoption of a strateg) for dealing with instances of a disjunctive class 
And it is with this that much of the chapter will he concerned 
Disjunctive concepts have a rather special informational character- 
istic It is the asvmmctn of inference from dcfinfng attributes to 


CMAPTER © 


On disjunctive concepts 
and their attainment 


. ^-^onsider now the nature of a disjunct- 

ive concept We begin with a class of objects tint are uniform in 
? Tu u!tlm V, e Cr,tenon AI1 members, let us say, have the 
of r? ° em S ct **kle or of being useful for building bridges or 
of producing a rash when touched Tins much, an ultimate cr.?er.on, 

dmunct ve a l array ° f thln 8 s "hid. we call a class or category, 
miner m wv, °u erW1Se Wlm a class disjunctive is the 

determine w hetb ° ne Can USe t!le de ® n,n g attributes of objects to 
wte™er the V ^ ,u n0t *** are ™"lbers of the class- 

mg Members nf G \i ^ ^°° d *° r bnd S e building, or allergy-produc- 
that one or another oflwIt^W definin S attributes such 

categorizing them TV. att f lbutes can be used in identifying or 
mg an identical alh> US ’ 6 C aSS su bstances capable of produc- 
cat hair or chalk dusfo/smumk’ “I ln 4* v,dual mclude ether 
or any comb, muon of these A subst “ ce containing any one 
sufficient for producing the ctss definZ e““ " and 

disjunctive way^doer ^ 5* C ™ USe defimn g attributes in this 
thi objects bln” m a celin “I" ^ " *“ fOT 

the category In our terms i te 8 or y> We say that he has learned 
“attaining a concept ’ ’ eanun S a category is identical with 

that two of its ^emS S Ul each^nf^ 111112 ** dls J unctlve category is 
_ eactl uniform m terms of an ultimate 

* In the precise but bizarre luun t 
disjunction is stated thus We mav t^t ° f mat ^ ematlca l logic the matter of 
function whoso trail, vnluo is tenth wh^T^T" 10 " p or q This is a 
is falsehood when both p and q are fate P a ? d also when <7 true but 

f raise Bertrand Russell 1919, p 147 

15G * 
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town of Altavista Our investigator has the task of finding out what 
makes people eligible for the civic association Let us say he already 
knows that the onl) attributes worth considering are whether or not 
a person has legal residence in Altavista, is in business there, or owns 
property there We give him as instances to test a list of 100 people 
who represent all the variations of the three attributes, each with its 
two values He chooses as a first instance to test somebody who 
lives in the town, owns propert) there, and runs one of the town's 
shops He is informed that the man is eligible He then chooses 
another person, one who has m common all hut one characteristic 
this man does not vv ork m Altavista He is told that this man too is 
eligible But it will be the investigator's undoing if he assumes that 
the attribute he has changed is irrelevant to the concept because the 
change did not result in a negative mstance In sum, no direct test 
prenused on the progressive change of a positive instance is possible 
What this means, of course, is that the investigator will have to 
devise a solution for approaching the concept “from the outside in 
That is to say, if he is to use direct testing at all, he will have to start 
from the base of negative information In terms of our examp e, 
one must start one's search for the definition of an eligible member 
by first finding someone who is ineligible Then, keeping fi™ y u» 
mind the characteristics of this negative case, one must find somebo y 
who differs from lum in one characteristic If the new characte “ 
makes the difference of rendering a person eligible, thenobviouslylt 
is a relevant attribute, and the value of the atmibute that is defining 
is the one that characterizes the exemplar In point of fact, it 
difficult for subjects to proceed in this way, for most of our ^estmg ; of 
the environment seems to be geared to vvorkmg with positive instanc 

and with, variations on these , . . , . c . OOTT> _ -| limw 

Here, then, we have a type of category that .ttet-n clunky 
All members do not share the same df-mg nttabuto In con 
sequence, one cannot infer much about the drfnmgattabutes of. 
member simply by virtue of knowing its category ™ 

S"t”C,r“C, Sr defining , Jg 

"backwards*— by taking as a focus an instance of what the category 

Before turning to the look m^closely at 

with disjuncti\e concepts, "e snou 
the status of these concepts m e\ er>da> nte 
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class membership and from class membership to defining attributes 
the asymmetry of inference from cue to label and from label to cue 
Take the very first example given at the beginning of the book, to be 
a member of the class admissible to the Altavista civic association, 
one must either reside legally m Altavista, or own property there, or 
be engaged in business within the town’s limits Any one or any 
com ination of these suffices for eligibility One can predict from 
,, e attributes to class membership with certainty If one knows 
r . mit ^ ,^ as a Ie S al resi dence in Altavista, then one knows 
j 1 ui Cer / mty t ^ at 1S a mem her of that class of human beings 
eligdde for membership m the local civic association But if, on the 
other hand one knows only that Mr Smith is so eligible, one can 
char a ft- 10 t, Cre v e Wl ^? 1 certain ty as to the nature of his defining 
town r ‘T Y ° U W ;“ n0t know Aether Mr Smith hves tn the 
or some nlu ofT^ 5”'®’ °' VnS P r0 P ert y there , or is marked by all 
instance nemnl fi° Se ° aracterlst,cs Thus, knowing that a particular 
dictive value ^ ‘ ^ * ls l™ ct,ve cla ss does not have the same pre- 
“ belon 8 s '° a conjunctive class A 
defining attributes 01 * Th If f, ne aS mucl1 ln 4,16 lasIc of J °catmg 

to a second difficulty ° ® fi ' St d,fflcuIt y and lf leads immediately 

subjects In attemm,n~ ni l d ^ P reference for dlre ct test shown by 
properties of a content ^ if ® am Lrdormatlon about the defining 

attribute value is or fs’not 'rdevanf o' 65 * Whether “ S ' Ven 

to investigate each a h Vant ® ur neuroa natomist will want 

what happens when it is ablated Inth h ° W “fP 6 ^ 65 when intact ’ 
the usual methods of testing directlv fh h , ° f d ‘ s J UIlchve eoncepts, 
prove to be inadequate § Th Y re evance o{ various attributes 
simple One takes an e usuaI conjunctive method is very 

What features or attributes are r ** 1S ^.° Wn to exemplify a concept 
To find out, we change nn P es P°nsible for its being an exemplar? 
resulting mst»n « °* * Lues if the 

can have nothing to do with th 6 chan S e ^ attribute or attributes 
value of the attribute before t „rT Pt “ 11 ,s ne g atlve - the " the 
the definition of the concent Th S C “ an § ed must have been part of 
much part of the usual mode of , Indeed dlrect and rt 1S ver y 
solving See how inappropriate it E J! S m con ) un =hve problem- 
cepts in tae case of disjunctive con- 

Let us work with the examnle of ^ t 
local civic association Consider ,„ P P ® ' vI, ° are ehgible for the 
imaginary experiment in the 
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pressures where such an abhorrence seems to be present Consider 
any instance where inclusion or noninclusion in a given c ass or 
grouping is of consequence to the individuals involved, but where 
“professionalizing” pressures are not operative Take as an ex imp e 
the concept of the elite in a culture It may include a person ot 
wealth, or a member of a distinguished family, or a distinguish!, 
practitioner of a certam profession (not necessarily lg y remunera 
five), or any combination thereof To simplify or render conjunctive 
such disjunctive definitions of "elite,” we crate institutions wh.eli 
put an official “brand’ on individuals so that the brand may serve in 
place of the disjunctive attributes Who’s Who, the Royd l Society 
the French Academy, and the system of starring in American Men of 

Science are a few cases in point i.. n c 

Finally, the realm of science provides a wide variety ° * ° 

“justifiable” suspicion of disjunctively defined concept. In P^ 1 ' 
and physiological psychology, d.sjunctiye concept have cdten later 

been converted info conjunctive ‘ ™ p nhenomena S 

physiology of the skm was for a tune bedevilled by the pi eno 
paradoxical cold and paradoxical ™rm sensations I M bee 
observed by von Frey, by Alrutz, and by Thunberg ( c “Silts 
around the turn of the present century 1 1 a a su stimuli of 

applied to a certam area gave a sensation of watmtl b " U 0 “ hcr 

higher temperature applied to * h ® *\ t was found that a 
conditions give a cold sensation ltl0n c f cold 

stimulus of sufficiently high tempera ure 8 applied to 

when applied to a certam spot, yet cooler ^ 

the same area would give a sensation of Va tarnation” 

the definition of a "stimulus adequate for produc lg st]mulat]0n 

became disjunctive sufficiently coo -eoMness,” the cntcnon attribute 
to an area of the skm could produc , ' . cr izcd the chss of 

of the class A similar disjunctiviy the explanation turned 

“warmth-producing stimuli ’ In goo « a< ja p t a tion lex cl of the re- 
out to be relational depending up produce warmth or cold 

ceptors of the skm, an area stimu u j cvc j 0 f the skm rcccp- 

as a function of its relation to the a >P , lt , warmth Dis- 
tors Below the level, ,l 0 “ nc implete experimental tec!,- 

junctivencss was merely an artna 

m q ue , f , in the disjunctive definition of 

A parallel case can be fou « %c llinc of a brmsed joint 

therapeutic agents capable of re icvi 5 ^ the case shows tliat 

ice p?ck or A compress to temperature 

both can be defined in terms of t 
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DISJUNCTIVE CONCEPTS IN EVERYDAY LITE 

When one examines culturally defined forms of the disjunctive 
concept— social groups, for example, of elites or of the professions— 
one finds that there is a tendency for disjunctive definitions to be 
modified over time into more easily grasped conjunctive forms The 
professions provide particularly striking examples of this The cate- 
gory or concept, “clinical psychologist,” is a nice contemporary ex- 
ample In terms of ultimate criterion, the clinical psychologist is 
one who practices the arts of mental healing without a medical 
degree Now in such groupings, the defining attributes of the class 
are a matter of grave concern for they constitute what is called the 
qualifications” of a practitioner Since the ultimate criterion of 
practicing mental healing” has consequences for the public weal, it 
is necessary to control socially the appropriate defining attributes of 
practitioners At the outset, before stringent control is imposed, the 
defining attributes of the class, “clinical psychologist/ tend to be 
disjunctive That is to say, a person who has had graduate training 
in psychology may be eligible in the sense of actually practicing, so 
too those individuals who, without benefit of academic training, have 
had experience in dealing with disturbed people in a hospital setting, 
m a pastoral role, or in some other way Thus, the qualifications 
become an “either or’ affair What is typical when social control is 
sought is that eventually regulations are passed serving to ‘ regularize” 
the defining qualifications of the class Almost invariably, such 
regularization takes the form of rendering the definition of the class 
conjunctive In the case of clinical psychologists, a Board of Exam- 
iners is created and examinations are set Passing the examination, 
then, constitutes the defining qualification for practice of the pro- 
fession When the cycle is complete, the class, “clinical psychologist,” 
een ren ere conjunctive One must have passed the examina- 
icn be of a certain age, have achieved a certain level of schooling, 

r? a R S Ilf a IT* ° f the natl ° n or state w here one will practice, 
and all the qua hfications must be present simultaneously m each 
member of the class or profession It is not surprising, then, to find 
a widespread movement to "conjunctmze" and professionalize many 

diZtr as cWprachc - 

To be sure, the examples we have considered are not explicable in 
erms of a general abhorrence of d.sjunctiveness ,” for it is apparent 
that other powerful, noncogmtive motives are involved Yet one 
can find examples of social categories less subject to immediate social 
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limit themselves to one hypothesis after each choice, they rarely 
offered more than one and often offered none 
The stimulus array is as always in view of the subject It was com- 
posed of the combination of four attributes, each with two values 
totalling 16 instances Each instance contained two figures a small 
one and a large one The small figure varied in color (black or yel- 
low, b or y) and in shape (rectangle or triangle, r or t , the large fig- 
ure varied in the same way yellow or black in color, ( o ), 
rectangular or triangular in shape (R or T) Thus, a given instance 
might be a small black rectangular figure and a large yellow tnag 
lar figure or any of the 16 combinations possible m such an y 
The cards w ere set out in a random array on the board 

Each subject had three concepts to attain and all o the concep 
used were defined by only two attributes The subject was toU th 
m advance and thus always knew that h,s task *"fj”t 

attributes and tlieir values were relevant for defining * ^ concept 
Thus, a concept might be a “small triangle or . rg » "ct^gjeo 

both,” and any instance * at e,t ““ array g four instances 

triangle, or both would be positive ’ t ve f 0U r others 

would contain one half of the con “P t « f t j, e concept, 

would be positive because .hey ; esh. .ted the 

and still four others would be pos ^ ^ J6 cards wouId a j ways 
the disjunctive concept In all, h , ^ sense of not exemplifying 

be positive, the remainder negati 

the concept 24 dlfferent ways of grouping 

There are m such an array as pnts or categories 

the instances into two attribute disjunctive coneepUi g 

The 24 possible concepts can be summarized as follows 


yY 

yB 

y R 

yT 

bY 

bB 

bR 

bT 


rY 

rB 

rR 

rT 

tY 

tB 

tR 

rT 


YR 

YT 

BR 

BT 

yr 

yt 

br 

bt 


* * 

We come now to the design of the cach of t j,e three 

e have said had three pro ems ° p rs t shown a card, in 

•oblems, as we have noted, t e su j ^ a negative, depending 
ime cases a positive instance an m FoIIoWing the presentation 
pon the experimental group he 
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at tlie site of injury marked donation from body temperature in 
either direction is wli it produces the increase in circulatory flow 
The organism is reacting homeostatically to an) stimulus outside the 
normal range of temperature 

So frequent have been these instances of eventual obsolescence of 
disjunctive definitions of classes of events that the very discovery of 
one such seems to act as a challenge to future research rather than as 
an occasion for celebrating a “finding' If one finds, for example, 
that insulin subcoma, electroshock therapy, and narcosynthesis all 
produce an increased rate of remission in schizophrenic psychotics, 
one is immediately tempted to inquire what these three forms of 
treatment have “in common’-the assumption being that some rela- 
tional or conjunctive way of defining “adequate treatments for 
schizophrenia must be forthcoming And, indeed, they usually are 

°“ e eventua % begins to wonder whether Nature herself does not 
abhor disjunctive groupings! 


AN EXPLORATORY EXPERIMENT® 

cir? l0rat ° ry experiment with which the remainder of the 
intelligent o'rTb* 116 T desi S ned to examine the manner in which 
The subiertc U S a , out ^ atta mment of disjunctive concepts 
and wt'fd ' TT “ ” Ha ™ rf College, were 50 in number 

scnbld A ™ V r° flTC gr ° UpS 1,1 3 — F™entfy «° he d - 

openlv what rl, 0 ? i° Ur ex P erlmenta l procedures, they were told 
before them * tn k *° find out which cards on a board 

sense of e^m Jf P “ lt,Ve Cards and which were negative m the 
me^ had T mSd g "T* " g 3 ‘ ha ‘ *• expen- 

vvhich thev had m a X Were *° Id ™ re °ver, that the concepts 

explanation of these waTgweT^The d,S,unctlve ‘>T e and a fu J! 
since it was illustrated by referent tfS anation was readily grasped 
subject Thp cnKinnfa i 6nCe to t ie stimu h present before the 
card at ,2- ^tested individually, could choose one 
experimenter would Til the ^ ,' V1 ^* led and after each choice the 
negative Af t reach eL To Wh< ! ther the card was positive or 
as to the concept and these S the e exo b)eCtS ““’n ° ffer an h >TOthesis 
whether they were right or wrong ]™he7 "“f by ' ndlcat “S 

considered finished While the S1 L„ f * f ° rmer> the P robIem was 
nue me subjects were not told that they must 

•The experiment reported here wk , 

collaboration with Lotte Lazarsfeld Bailyn and^ executed and analyzed in 
was written with her collaboration M anv escntsectlon °fAe chapter 

disjunctive concept attainment repotted heJwl^ve^'^hf ^ 
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TABLE 7 

Number of Foss, Me Concepts Logically nEU minuted I After * 

That Follows the Frescnfatton of an Illustrate Card to ) 

Illustrative Card 


Diff 

Between 
Illust Card 
and Choice 
1 
2 

3 

4 


Negative 

Positive m Possible Concepts Remain) 

(18 Possible Concepts Remain) ( — 

r. Negative 


Positive 

Choice 

3 

5 
C 

6 


Negative 
Choice 
15 
13 
12 
12 


4 6 j The first is that, 

Several things about Table 7 should be Qut t0 he negative 

her a positive illustrative card, a choice a ^ p 0S1 tive choice 
hnunates far more alternative hypotheses differentiate the iHus 
fhis is so no matter how many attribute v c f 101C es after a nega 
Native card from the first choice Ii the ca ^ ^ fWe does not 
tive lllncfrnlixrf* r»nrrl if should 1 


is so no matter iiovv many e £ choices after a nega 

auve card from the first choice It e c a t h a t there does no 

illustrative card, it should be said rig twQ attn bute values 
hst a negative instance that differs xn m° T ce „ t „ defined by two 
om the illustrative card, since the corr choose a card 

f the four attributes But if the subjec :*» iHustratlve instance 
filers in two attribute values from the g ^ el|minat es five of 
nd if it should turn out to be negative, sQ j ve t he problem 
w remaining hypotheses and, of courS j\ Rlustrative car ^ a "u' ce 
hoice of a positive instance after a neg re dundant if t e 

datively little information and indeed will be r ^ ^ the illustra 
epresents a change in more than tvvo ^ status 

" Tpossrble to construct a 

>f second choices, but little 7"“^^ that nega true 
««"»“> Th,, same general rule can be st formatlon alIy than p 

the whole, tend to be more val-ah „ 
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of this first card, he could choose whatever cards he wanted to and 
was permitted to offer hypotheses after each choice When the sub 
ject offered the correct concept as his hypothesis, the problem was 
considered solved and no further choices were made 
The 50 subjects were given various “treatments ” Some were given 
a positive instance to begin with, some a negative instance as a first 
illustrative card When a positive card was shown initially, it some- 
times contained half the defining attributes of the concept, sometimes 
all of them The objective of these variations was, of course, to 
sample conditions that might affect the manner in which subjects 
would go about attaining a disjunctive concept And indeed, as we 
s a 1 see, one of the treatments” turned out to be of major importance 
—w let ler one starts the task with a positive or a negative instance 
Fifty problems were begun with a negative instance, the remainder 
with a positive instance 


INFORMATIONAL ANALYSIS OF INSTANCES 
Before examining the problem-solving behavior of our 50 subjects, 
fpTT-nT'i- j St f°°i more searchingly at the informativeness of the dif- 
of t fire* 11 n °f ^ 01C6S can niade following the presentation 
and comnl ra f 1Ve car< * Imagine a person with complete memory 
edl th Jtf mfere r He begins the task with the knowl- 

m mind simnlT/^ *1 V ° SS ^ e conce P ts and is able to keep all of them 
nated bv the fTT ° US J Now > ^ num ber of possible concepts ehmi- 
o~ve A ft ? r u PrGSented de P ends “P™ whether it .positive 
24 possible cmce^T^^*, 41 * 1 * P° S1 “ Ve e,1 ™ nate s 6 of the 
tionallv it nerm.fF . * negative card is more useful mforma 

eluding the P corxect one ° " ™ Ina ' e 18 P osslb!e concepts, leaving 6 m- 

aVa ‘ Iab,e fr ° m a flrst ohosen by the 

* ti « r”lZfa“ho mStanCe W,n de P e " d “ 

illustrative card previously prese^LT™ 11 d ‘?t rS ^ u’ 6 
tween two cards will ^ P , nted ^h e minimum difference be 

on the one hand 7 and a smalf V1 T* Srge ye , IloW taan S ,e (> tYT ) 
rectangle (yrYR) on the other ' V “ h t Ige yd ° W 

instances different in all jour of the all, t * max ' ma ™ 15 between tw0 
The number of possible ^concent o T Va,UeS (yrYT and btBR > 

choices, differing from the ilhistrafwf^rdTiTff ^ 
aunbntevahies and turning out to be positive or negX", ."Resented 
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use of instances It consists of choosing cards until the subject has 
obtained two or more negative tnstanccs Since there is a \exy lngh 
probability that positive instances will also be obtained in this pursuit 
he will usually have encountered and identified two negatne instances 
and one or more positive ones The strategy consists of tiling t ose 
values that are common to the negative instances at the subject s is 
posal and using their opposites as the features of the correct con 
cept It is a complex and rather inefficient procedure, which we call 

the multiple negative strategy .... 

A few examples of how one may go right and go wrong wi 
multiple negative strategy will provide a picture o its streng is an 
weaknesses Suppose the correct concept is a small ) e ow gure 
a large rectangle (yR) The most auspicious circumstances for c 
rect solution is two negative "Stances that share two common values 
and differ in two others 

ES.- BftfSSS'MSSS: 

The two instances share the values bT The opposes °f 
values, yR, are taken properly as the correct con( '®P worst 

concept is completely determined by the two ins tQ t j ie 

case can be described as one in which the stra egy i following 
letter-and a wrong answer obtained An example is the following 

the correct concept again being yR 

Illustrative card ytBT (+) eliminates 6 P°»*j]j||“ Jf remain 

First choice yrYT (+ etanna e 5 po } 0 remal „ 

Second choice brBT (- e hm.na es 3 P * J 

Thud choice yrBT ( + ) ehm.na tes 2 po s b.LUes 

Fourth choice btBT (-) eliminates 1 possib.hty. 

Following this sequence, the subject S " d l t1 ^ T^He examines tlie 
two negative instances encountered , . opposites 

positive 8 instances to find the opposite values and 1 ."rf/or 

of b and B He then concludes that the correct **«£*)* ^ 
Y— an incorrect deduction At best, the s ra gy afe Alnajs it 
it is misleading More often than no , i , ml ist use the 

depends upon indirect test m the sense 13 instinces as his 

opposite valves of what is common to negative 

hypothesis focussing and multiple 

Both the appropriate strategies, neg ^ t j lc usc of instances 

negative, it can readily be seen, lean “'O ^ , , s not In th' s 

that are negative illustrations of w 
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no information will be assimilated and in spite of exposure to instances 
no progress toward the discovery of attributes will be made It is only 
with an appropriate strategy that one can obtain the maximum in 
formation contained m encountered instances and achieve solution 
with a minimum number of choices 


SOME DISJUNCTIVE STRATEGIES 


All appropriate strategies depend upon the use of one or more nega- 
tive instances In the most efficient strategy, one finds a negative 
instance and chooses instances that differ from it in a single value If 
the change results in another negative instance ( given two value attri- 
butes ) , the attribute m question is irrelevant If the change yields a 
positive instance, the new value is one of those that define the con- 
cept After one value has been thus located, one starts again from a 
negative instance, changing the values of other attributes until, m this 
way, one has located all the disjunctive defining attributes Tins pro- 
cedure we shall call negative focussing and it makes complete use of 
all the information formally contained in a sequence of instances 
The following is a typical protocol of negative focussing The cor- 
rect concept is bR (small black figure and/or large rectangle) 


strati v e card ytYT ( — ) eliminates 18 possibilities, 6 remain 
First choice btYT (-J-) eliminates 3 possibilities, 3 remain (b is 
c . , relevant) 

Second choice ytBT (-) eliminates 1 possibility, 2 remain (B is lr 
, , . relevant) 

Third choice ytYR ( + ) eliminates 1 possibility, 1 remains (R is 
Hypothesis bR (correct) relevant ) 


The subject uses the first negative instance (the illustrative card) as a 
at a h™ ™t,l he has explored 
hf» nho rr ° . , e . V0 disjunctive defining attribute values When 
a mil '' ° ’ t lC ” e ' v lnstanc e becomes positive therefore b is 
mains u a t COnt ^P t * When he changes Y to B, the new instance re- 
channed ?n R Ve tl, here£ ° re B “ "° f part of the concept When T gets 
concent Th’ newinstance becomes positive so K is a part of the 
concept Therefore the concept is bR It ls not necessary in this 
experiment to check the remaining attribute by changing t to r, for 
subjects already know that die concept is defined by only Hvo attribute 
values and both have been found J 

A second procedure, also an appropriate strategy, makes less efficient 


( ) denotes a negatne instance ( + ) apositnc mstance 
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attributes, the other because it contains the other half of the two 
attribute values defining the concept 
There is a rather roughshod form of the common element fallacy 
worth remarking This we have called the majority fallacy Rather 
than use the common element of an array of positive instances as the 
basis of formulating an hypothesis, the subject will use those attribute 
values that occur in a majority of the positive instances he has encoun 
tered The origin of the fallacy is readily understandable The sub- 
ject attempts to use the common element strategy, but he is ace wit 
the fact that there is no element or elements common to all the posi- 
tive instances encountered In formulating his hypot esis, t en, 
will choose those attribute values of the array of positiv e instances en 
countered which come closest to being common elements 

The next form of inappropriate strategy is not so bad, perhaps, a 
those already discussed Its difficulty rests on the failure of the su 
ject to bear in mind what can make a positive instance P^ e J h “ 
dealing with disjunctive concepts In simple orm 1 c con 

error of assuming that a positive instance is posi ive w hich 

tains both values defining the concept In this erring stratg^ 
we call positive anchoring, the subject derives is staJ]Ce 

paring a negative card encountered with a positive 1 u 
he has been shown and adopting those two va ties o P 
trative card that distinguish it from the negative ca d It is jery 
tempting and can be readily verbalized as c *°" sin S j lt s 

that the positive card has and the negative one ton t -.Vg e iU 
an ideal ^conjunctive strata^, 

present case The subject has been to nositive lllustra 

by two “either or - attributes He has ® ” e dlffenn g Jn W o values 
hon of the concept and a negative i ins 6o „, S va i lies defining 

Now, if the positive illustrative card rnmuletely correct-al- 

the concept, the subject’s hypothesis "ou before him would 

though, paradoxically enough, the two -ms ^ hypothesis cer- 

not contain sufficient formal informs 11 of negatne focussing 

tam Indeed, the strategy is a gamb 8J P the Jnlha j positive illus- 
But if, as m 70 problems worked by su j » defining values, then 
tration is positive because it has only one of the dehn g 

the subject cannot be correct «, |ickv - use of the stnteg>-thc 

Two examples serve to illustrate e illustrative card has both 

occasions when it works because the P os * r .t _ s tratcgv Let us 
defining values present-and the ^ fc rg e frnng.e (, 

say that the concept is a small \ello g 
and/or T) 
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sense, one can see that negative instances have a special psychological 
value as a “starting point’ for appropriately handling a disjunctive 
concept 

Consider now the actual behavior of subjects attempting to locate 
the defining attributes of a disjunctive concept 


CONJUNCTIVE TENDENCIES IN ATTEMPTED SOLUTIONS 
The most general statement that can be made about attempts to 
attain disjunctive concepts is that they seem on the whole to be de- 
signed to attain conjunctive concepts In spite of the fact that the 
disjunctive concepts and their properties had been carefully explained, 
subjects showed regularly what can only be called “conjunctive tend- 
encies making choices and using information in a manner specifically 
suited to the solution of conjunctive concepts and unsuited to the solu- 
tion of disjunctive ones 

The first of these was a tendency on the part of subjects to utilize 
only positive instances as a basis for forming hypotheses This ap- 
proach is designed to provide an answer to the question what is com- 
mon to an array of positive instances'* This question, as we have seen, 
is inappropriate to the disjunctive case One indication of this differ- 
entia! use of positive and negative instances can be found in the mcon- 
sis ent lypot leses offered by subjects An inconsistent hypothesis is 
one n las already been eliminated by an instance previously en- 
countered if „ e consider, for simplicity's sake, only the first hy- 
nnn^^f 0 ^ ^ su hjccts, we find that 37 are inconsistent with a 

anCC enc °untercd Of these, 28 are inconsistent with a prior 
onlr "1 *il S anCe ’ Wlt 1 hoth positive and negative instances, and 
or ihlc in 1 h osltl ^' e ‘"Stances alone Subjects seemed not as willing 
In ts most t ° f 01 ™ 1 ™ of negative instances 
mar lie mil ^ i) ° rm ’ PllS tendency to use positive instances onl) 
Zists m col. r C0 Tr C J Cmcnt l aUac 'J As «>e name suggests, it 
one his cnm i 'l' 0 £eatures common to the positive instances 

™ , “ X " , Cr and I ’ r ° p0Sm S cemmon features as an hy- 
Far cnZnu f 1 C ,° rIeC , t C °" CC P' I£ a ” ‘he positive instances til, is 
a ncTn Zm ,r .', nC<1 * hr 8 c "-.angle and a small yellow figure, 
“sman TeW Te S “i ,“T° n c,emcnt Whey would then propose 

nnt un ,t C ™’ of coursc * he correct b\ chance, but 

attribute \ lines t n, £ 3Znf'ta «P 7" VT 

, , , irrelevant to tile concept After all, two 

posit ivi'instanccs mu have no attribute . 1 . ’ 

.uirimue values in common at all one 


positive 

of them mi) lie positive because it contains' 


one half of the defining 
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attribute value. °i^f r because it contains the other half of the two 
There is a S .f fimn g tile incept. . 
worth remarki^r ^ f° rm of the common-element fallacy 

than use the ^ we have called the majority fallacy, Anther 

basis of fomi C ? n ) mon foment of an array of positive instances as the 
vaJues that U atl hypothesis, the subject will use those attribute 
tered. Tf, ° CC , U ^ ln a majority of the positive instances he has cncoun- 
ject attem t ° n ^ n fhe fallacy is readily understandable. The sub - 
the fact that th USC COznmon ' e ^ ernent strategy, but he is faced with 

*^ e instances 


* fact ^ USe 01 

9 inst *^ ere 1S no element or elements common to all the posi- 
will choosTth enc0untere ^* In formulating his hypothesis, then, he 


c °untered which 


attribute values of the array of positive instances en- 


•jUj ”*«wi come closest to being common elements, 
those f ext f0rm o! '"appropriate strategy is not so "bad," perhaps, as 
ject g* dy discussed. Its difficulty rests on the failure of the sub- 

deal' ° , r in mind w i>et can make a positive instance positive when 
err Un ®£ Widl disjunctive concepts. In simple form it consists of the 
t ° r of assuming that a positive instance is positive because it con- 
w lns b ° th values defining the concept. In this erring sirategy, which 
e call positive anchoring, the subject derives his hypotheses by com- 
paring a negative card encountered with a positive illustrative instance 
0 has been shown and adopting those two values of the positive illus- 
trative - - - - • 1 ’■ • 


* positive < w 

an ideal conjunctive strategy, it leads to grief when applied in the 
present case. The subj’cct lias been told that the concept is defined 
°y two “either-or" attributes. Ho has before him a positive illustra- 
tion of the concept and a negative instance, differing in two values. 
Now, if tile positive illustrative card contained both values defining 


concept, til e subjects hypothesis would be completely corrcct-ai- 


tlic I ' ^ 

•bough, paradoxically enough, the two instances before him would 
n °t contain sufficient formal information to make the hypothesis ccr- 
•aln. Indeed, the strategy is a "gambling' tjpc of negative focussing. 
But if, as in 70 problems worked by subjects, tlie initial positive iliuj. 
•ration is positive because it lias only one or tlic defining values, then 
tbo subject cannot be correct. 

Tsvo examples serve to illustrate the "lucky* use of the stratcgv_t],e 
occasions w hen it svorks because the positive illustrative card has 
defining saincs present-and the "ill-fated" use cf the strategy, j^., 
say that tlie concept Is a small yellow figure and a large triangle fy 
and/or T). 
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sense, one can see that negative instances have a special psychological 
value as a ‘starting point for appropriately handling a disjunctive 
concept 

Consider now the actual behavior of subjects attempting to locate 
the defining attributes of a disjunctive concept 


CONJUNCTIVE TENDENCIES IN ATTEMPTED SOLUTIONS 
The most general statement that can be made about attempts to 
attain disjunctive concepts is that they seem on the whole to be de 
signed to attain conjunctive concepts In spite of the fact that the 
disjunctive concepts and their properties had been carefully explained, 
subjects showed regularly what can only be called “conjunctive tend- 
encies making choices and using information m a manner specifically 
suited to the solution of conjunctive concepts and unsuited to the solu- 
tion of disjunctive ones 

The first of these was a tendency on the part of subjects to utilize 
only positive tnstances as a basis for forming hypotheses This ap- 
proach is designed to provide an answer to the question what is com 
mon to an array of positive instances? This question, as we have seen, 
is inappropriate to the disjunctive case One indication of this differ- 
entnl use of positive and negative instances can be found m the incon- 
sistent hypotheses offered b) subjects An inconsistent hypothesis is 
one t mt has already been eliminated by an instance previously en- 
countered If we consider, for simplicity’s sake, only the first hy- 
po loses o ered by subjects, we find that 37 are inconsistent with a 
prior instance encountered Of these, 28 are inconsistent with a prior 
ncgG it ve instance, 6 with both positive and negative instances, and 
” ' i P °! U \ Ve instances alone Subjects seemed not as willing 

or nble to absorb the information of negative instances 

n I S mr ? 1 St ' str 1 1 “8 ^ orm > this tendency to use positive instances onl) 
y l e .. 10 C0I 0 Olori element fallacy As tbe name suggests, it 
one 1m °° a In S a ^ the features common to the positive instances 
notliesis , lcot | n . crc ant * proposing these common features as an li\- 
“ 1 " ,e corrat “"cept If all tbe posit.se instances thus 

l * hr 8 c ^tangle and a small jcllou figure, 

-smanT ,? m ' S '“i f° mmon foment fallnc) Mould then propose 
small cllou figure and/or large rectangle” (> and/or R) as Ills ll>- 
po lusis Such hypotheses can, of course, be 'correct by chance, but 
not irj often Tor the common elements maj aery well be those 
attribute values that are urelesant to the concept After all, tuo 
posit, v e instances may base no attribute s nines in common at all one 
of tlutn imv lx. posituc because It contains one half of the defining 
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butes that occur in the majority of the positive instances encountered 
and that are also consistent with the negative card encountered A 
nice example of tins maneuver is provided by one of our subjects 

nSlve^instance brYR ( + ) eliminates 6 possibilities, 18 remain 

First choice brBR (+) ehminates 3 possibilities, IS rema n 

Second choice ytBT ( + ) eliminates 6 possibi it.es, 9 rema n 

■ - - - brBT ( + ) eliminates 2 possibilities, 7 remain 

btYR (-) eliminates 4 possibilities, 3 remain 
yrBT ( + ) eliminates 0 possibilities 0 remain 


Third choice 
Fourth choice 
Fifth choice 
Hypothesis rB 


nypotnesis ro 

As before, the hypothesis .s consistent with the negative instance 
The elements of the hypothesis are chosen from those attri 
that occur in the majority of the positive instances encountered The 
final choice made, after encountering a negative insta , 
nature of a check , j ma . 

Both of the strategems just described, » 

jonty anchoring, are not bad compromise s ra g 
be demonstrated that when an hypothesis is formulated with 
property that it is not ruled out by a nega ve ms . follows 

there is one chance in six of hitting the correct concept jta UUtow 

from the fact that, first, a single negative Mte "“® n . “ J“tive con- 
present experiment eliminates 18 of the possi Second, if 

cepts that can be constructed from two attribute values^ Second,^ 

the subject will only avoid stating an tantam0 unt to 

in common with this instance he as ^ he the negative 

utilizing the information it contains j So long as he 

instance as if it were the first instance “ “t twe mstance, he 
avoids any overlap between his ^“.s and a negative in^ ^ 
limits himself to six hypotheses, an { j, c sll j,,ect gains 

The irony of the two strategems just described hypotheses 

nothing whatever either from anchoring £**tj*£ < % tho 

to a ‘half-right;- positive post- dances as a basis for 

majority attribute values of a set / hts chanC es of hitting the cor- 
selectmg among the six In i each ’ othcsls reItl a,„ precisely one 
rect concept upon formulating a 

,n S1X , strategies and fallacies before 

We may finally summarize the v su biccts to use them 

considering the conditions that pre isp nc{n tne focussing as well 
Appropriate Strategies Here we inc These contrast with 

as the less efficient multiple negate® strateg) 
the following inappropriate strategies 
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Illustrative instance yrBT (+) eliminates 6 possibilities, 18 remain 

First choice brBR (— ) eliminates 5 possibilities, 13 remain 

Hypothesis yT 

By following this strategy, the subject is correct fortuitously, although 
there remain 13 possible but untested hypotheses It is a lucky stroke 
When it occurred, we scored it as an appropriate strategy, for subjects 
were free to offer hypotheses after each choice, and it is a reasonable 
one to offer Consider, however, an unfortunate use of the strategy 
Again the correct concept is yT, but the positive illustrative instance 
contains only one of the defining values of the concept 

Illustrative instance yrBR ( + ) eliminates 6 possibilities, 18 remain 

First choice btBR ( — ) eliminates 5 possibilities, 13 remain 

Hypothesis yr 


To be sure, y and r are the two characteristics of the positive illustra- 
tion that distinguish it from the negative instance encountered But 
they do not define the concept Under these circumstances, the sub 
ject can at best choose one of the two defining values of the correct 
concept 

It is interesting both with respect to the lucky and the unlucky forms 
o positive anchoring that subjects frequently used this device of com- 
P ann S a P“ sltIve illustrative card and a negative instance even though 
616 tl Gen 3 senes P 0si tive instances intervening between the 
two The positive illustrative card undoubtedly had a special status 
in the eyes of our subject it was the first card shown them at the out- 
set of the problem and derived distraction by this fact 

ar USe a ne g a hve instance occurs in conjunction with the 
' e , ffect descnbed earlier We call it majority anchor 

basintr one’s t> * o 6 lria i on ty effect in its simplest form consists of 

values shared correct conce P t on ‘ hos e attribute 

u. . 7 _ S est proportion of the positive instances one 

nrobab W n " iatW a "logical gambit and reminiscent of 

probabdutic concept at, a, nment of the hind to be described in Chap 

pffppt ic nan ° t ^ lIS strate gem we discuss now, the majority 

fXctT V" COnneC “° n W,lh a instance That ,s to say, 

sou b f.r . Al. g n. ?°n lUustIatlvr e instance and then chooses a 

vaWs com 7 ^ ° Ut to be P 0SItlve but ba ' ,e no attribute 

values common to all of them Tfipn „ v 

Uve instance In formulating his 

is consistent with die negative instance m the sense that its values do 
not appear on the negative card But at the same time, he mahes Ins 
concept consistent with the majority effect He chooses those attn- 
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employed and very likely too the high intellectual quality of the sub- 
jects participating The following provides a brief summar) 

282 of tlie problems were attacked by an appropriate strategy 
38 2 by tlie use of the common element strategy 
172 by the use of die majority effect strategy 
102 by the use of positive anchoring 
72 in a manner tnat was unclassifiahle 


In fine, even with a relatively gifted group of subjects, it is the excep- 
tion for problems to be attacked by the use of informationally efficient 
strategies. Nor did there appear to be much learning over the course 
of the three problems. Close to half of the subjects attacked all of the 
problems by inappropriate strategies and a few did all o t em a PP r0 
pnately. As for die remaining half of the subjects, t ley s owe 
consistent learning trend, approaching one problem appropria e J 
dien going about the next in a highly wasteful way u SI J C 1 
performance must be understood in the light o our proce u 
it was the case that a subject might go about his tas in an 
manner on one problem that began with a negative ins aw ’ ’ 
boot completely the next problem that began wit ie p ‘ 
a positive instance In any case, it is not surprising tha three prob 
lems do not provide a sufficient occasion for earning, ^ 

strong “antidisjunctivc” tendencies exist m intel igen a u 
ably require prolonged buffeting before they are a an ° . j ? 

What'leads'a sut^ect to attack a disjunctive 
We had better first understand what is meant y . t j, e dis . 

is presented an initial card an exemplar or a H e 

junctive concept whose defining proper ies _ nf he S1 s about the 
chooses instances to test In time, he offers an h^othes.s about^ 
two attribute values that he believes define e c offered on the 
this first hypothesis that we are conceme ’ a " Tt s t he behavior 
average after the subject has made 4 c oic ^ ^ we spea k 
leading up to this first hypothesis that con e ■ ^ ^ several reasons 

of as a subjects “attack on the problem ^ behavior The prin- 
why we choose to concentrate on this ea ure t general con- 

cipal among them, as we shall see later, is a ^ attainment is 
elusion we are able to reach about disju nr urmatic reason for 

that “well begun is half done ” There was a s ^ P W ,]I recall, 

concentrating on first hypotheses 1 J ’ «■ 1(T hypotheses as 

were allowed to go on choosing instances n ® the correct 

long as their patience held out or until the) finally P 

^^ou, single — « no, ^ 
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C ommon-Element Strategies. These include simple common ele- 
ment strategies based solely on the common element of an array of 
positive instances as well as the more subtle common-element strategy 
where the subject’s hypothesis is made to be consistent with a negative 
instance as well 

Majority E§ects Here the subject builds his hypotheses out of 
those attribute values that appear in the majority of the positive in- 
stances encountered The more subtle form of the majority effect is 
also marked by an hypothesis consistent with a negative instance 
encountered 

PosiJioe Anchoring This includes only those cases that begin a 
problem with a positive illustrative card containing but one defining 
attribute value The strategy consists of choosing the two values that 
distinguish a negative instance from a positive illustrative card as one’s 
hypothesis If the positive illustration contains both defining values 
the hypothesis is automatically correct Such cases were scored as 
appropriate strategies, for they are good examples of negative focus- 
sing 


ON USING APPROPRIATE AND INAPPROPRIATE STRATEGIES 

Tor a person inexperienced in attaining disjunctive concepts— and 
\vc came to the conclusion that most people are told about them 
rather than having to attain them— there seem to be three things that 
determine whether they will use an appropriate strategy in the task 
we set them The first of these we can do no better than to call ‘in- 
sight ^ Some few of our subjects see through” the problem, “under- 
stand it after some pondering, and it is characteristic that their dis- 
covery gives them a certain delight We do not pretend to know what 
is involved in such insight and since it has the character of most “aha 
experiences, it is almost too all or-none to analyze But the two other 
factors associated with the adoption of an appropriate strategy shed 
some light on what is necessary for such understanding The first of 
these is whether or not the problem solver his the good fortune of be- 
ginning his task with a negative instance, a nonexemplar of the class 
lie is seeking The second factor involved is whether or not the in- 
stance encountered immediately after encountering an initial non- 
exemplar makes it easy for the person to adopt this nonexemplar as a 
focus or a base for further exploration It is principally with these 
two conditions that we arc concerned m this section 
Consider first the frequency with which problems were attacked 
appropriate!) and inappropriately hearing in mind while doing so 
that am figures we present inevitably reflect the procedures we have 



On Disjunctive Concepts and their Attainment 175 

of the array of instances that such a choice will turn out to be positive 
In which event, one is in the position of having to guess which of the 
three or more changed attribute values of the chosen instance arc 
relevant— and here one does no better than chance in guessing Sue i 
a first choice is not conducive to continuing with an appropriate 
strategy In consequence, it matters greatly, given a first negative 
instance, whether a subjects first choice is a big change or a small 
change The first hypothesis was determined by an appropriate 
strategy in 

61% of the problems begun with a negative instance where the first 
choice was a small change, and in , 

15% of such problems where the first choice was a big change 

Where the initial instance presented was positive, the nature of t 
subject’s first choice made no difference as far as ea * 8 
adoption of an appropriate strategy But it i ma e a ’ 

as we shall see now, in terms of whether he was lured into a common 

'Tc^Sement strategy-the use of those values^ — to 
positive instances encountered as a basts o ones >P 0 j ^ 

most frequently employed by our subjects near y of Juc ] 1 n 

problems were attacked in this way Again, e * 
strategy seems to depend Heavily upon the Stines £ ones ^ 
encounter and upon tile nature of one ^ undone ’’ 

paraphrase the proverb by saying that a y g h sm all- 

“ ; one begins until a posittve * " o Ui encounter 
change choice, there is a very high ” n jn(0 a common -eIemcnt 

a positive instance and so too that one > |,h c l,hood decreases 
strategy But if one makes a big « s begun n ..h a negatne 
markedly The opposite holds for p ■ of fnllmg into a 

illustration a small change minimizes The dltl 

common-clement attack, a big change makes it very W-cl) 

are as follows and followed 

54% of the problems begun with a Mn«n 0" element 

by a matt change cl, nice .am attacked J 
strategy. Jlustralton and followed b) 

25% of the problems begun with a ;>w ' ckinent stralep. 

a Ug kangc choice arc atlaeked hy a comm^^^^. ^ fo 
14% of the problems begun with a lcd bs a common clement 

bj a small change choice arc attack ) .... 


57% Ti problems bc P .n with a 

bj a big change choice arc attackcu > 
slntcg) 
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answer It is extremely difficult to discern just what it is that guides 
a subject’s choice after he has offered his first hypothesis and is told 
that it is wrong Nor did the highly contorted verbalizations of sub- 
jects help us much in determining what was going on But one can 
readily analyze the pattern of choices that leads to the first attempt at 
a solution Indeed, the procedure utilized for analyzing the first hy- 
pothesis was to determine which of the several strategies was the one 
and only strategy that could describe the set of choices preceding a 
correct hypothesis— and the reader will recall that only 7% of the prob- 
lems were unclassifiable by the use of this method Later, in consider- 
ing success and failure, we will examine m more detail what kind of 
behavior one finds after a first hypothesis has proved wanting For 
the time being, then, our interest is in the initial attack employed 
s we have said the good luck of beginning one's search with a 
negative instance is a critical determinant of whether or not our sub 
jects adopt an appropriate strategy The facts are quickly told 

^ priately^ emS ^ Je ^ Un W1 ^ 1 a P 0Slitve instance were attacked appro 

4S% prSy™' begU " W “ h * " e&atKe mS,ame were a “ 0I *ed “PP r ° 

mailer it Se ? e ' t *' B / acts are somew hat misleading, for the critical 

whether [' 0 S ° mUC one starts with a negative instance as 

is only a “Wd? h° Sta f tad ’ one chooses a first instance to test that 

that each t C 3nge rom lm tial negative illustration Recall 

has let 1 C ° ntamS Va ‘ UeS of different attributes One 

instance 'on^th T “ no — phr for illustration If the 

from hs first if t ° SeS ° r teSt, "S dlffes m or fewer values 

materials 00™ ? ^ ‘ mtanCe “ » ata ° st » the nature of the 
materials encountered that onp «,,11 i,.*. „ 

If this first chosen card d.ff ° ^ on an a PP ro P riate strategy 

tive instanrp mm of ^ In on ty one attribute from the lllustra 

value is or is not reW^to 5 ^ 0 ''' 5 whether the chan S ed attribute 

focussing procedure whether theT,?^ faIls mt ° * 

negative .c . , , tlie " rst chosen card is positive or 

chLe-and the reader m,!st r ecSl nowth Tth “ ^ “ 

changed attributes and has attend ttec ° ne the 1 "’° 

right If, on the other hand, one makes a big change in choosing a 
first instance, one is very likely ,0 come to grfef tt S „ ,n the nature 
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We have examined the matter of the common element strategy 
partly because of its intrinsic interest and partly as an exercise in 
analyzing the temptation to error Error is not random It is a 
response to certain systematic characteristics of the members of a 
universe of instances that one has sampled in search of a concept 
Given a preference for conjunctive concepts and given an encounter 
with a set of instances that have much in common the temptation to 
use common elements as a basis for forming a concept becomes very 
strong indeed 

To sum up, the following general points seem to be in order For 
a person inexperienced in dealing with disjunctive concepts, two 
factors seem to account for whether or not he will adopt an appropri- 
ate strategy The first of these is whether he has been fortunate 
enough to begin with an illustration of what the concept is not a 
negative illustration The second is whether he makes a first c loice 
of an instance that stays close enough to the first negative 1 us ra ion 
to permit the use of a negative focussing procedure e a er s p, 
“staying close to the negative illustration ’ may be intentiona on 
part of the subject and may reflect the choice of a strife®, ont m y 
be accidental, m which case the accident is a happ) one or 1 pc 
the person to recognize that a negative focussing stritcg) is P 
In any case, what is necessary for in efficient solution o i > J 
problem is that the person begin his solution from ou 
category” and proceed into it A negatnc illustrative 
Two or more negative instances the mirror-image o w 
values can be used for formulating an hypothesis a Iso hety A 
positive illustration hinders So does an) thing t in e p common . 
to consider the similarity of a set of positive car s, . 
dement strategy In the end whit helps most of all « ^g» 

luck of negitive instanccs-both information! y an I 5^^ n ",., nccs 

and wlnt hinders most of all is a senes 1 

SUCCESS AND TAILURE , . „f 

Thus far our concern has been * 0 ”ied the question of 

attainment and we have, we think, pr p - gllcn ihrm For 

whether or not subjects “solic the £ , K f ,| IC npproprntc- 

solution or nonsolution is basically an end product It 

ness of one's strategy of attempted solution -jn c , Ln t m choosing 

Take first the criterion of whether a su ^ nr ,| r( Ii,cing the 

an array of instances informational!) a cq n . ermtl ubl'. then 0 ^' 1 * 
concept If he goes on choosing instances deduction 

dish he will eventual!) collect instances enough for 
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It is very likely tint the common-clement strategy is a response to 
perceived similint) of an illustrative instance and a chosen instance 
A subject is shown a card bearing four values and informed that it 
illustrate*- a concept Now lie chooses an instance It ini) resemble 
the illustrative mstmees m cither of two respects in the values tint 
constitute it and/or in its positive or negative status If the chosen 
card is similar to the illustration both in half or more of its values and 
m its positive illustration of the concept, then it is highly tempting to 
proceed by considering what is common to the two instances and to 
all instances chosen thereafter Now it happens that in the array 
used in this experiment (the 16 combinations of four attributes, each 
with two values), there is a very high probability of encountering 
another positive instance if the subject chooses a card differing from 
a positive illustrative card in only one or two values Indeed, the 
probability when choosing “small change” instances is 0 73 This 
means that many subjects are hitting a first choice that resembles the 
positive illustrative card in at least half its values and in its status 
t is not surprising then, that many of such subjects fall into the 
common element fallacy 

Now big changers’ who start with a positive illustration also have 
a mgn probability of choosing a positive caid 0 71 But here the 
v«i ues o tie illustrative card and of the first choice differ markedly 
no va ues are common to the two There is much less 
^ l0n J? Search , for common elements The per cent of problems 
handled in this way drops to 25 

_i. a ^°' V P r ®P 0rtl0n of common element usage among “small 
we think h °tV, e ® l *i Wlt ^ a ne g atlve illustration can be explained, 
mean-; of h7 6 r ^ atl '’ e ease °* adopting negative focussing as a 
tion and a rh tW ° instan °es Given a negative lllustra- 

probabilitv o f°070 ° nly 0ne or hv0 values > there 1S a 

nosihve rkmir-A iff & P erson w dl choose a positive card A 
reaX s,t^ e ? g sll S htly a negative illustration 

oit irTZTTr f ° CUSSm g * » not surprising, then, that 
Finallv how a ° sort adopt the common element approach 

filfint y ;n^l i° . f0r 016 P re ^ ls P 0Slt ion of big changers to 
i Ul into common element reasoning .■* . ° , ° . _ 

illustration-- First, the probnbZ If S"* gI " “ n6ga " 
making a ‘big change is in ft loosing a positive when 
c T , k , if cnan S e 1S there is no other possibility The 
subiect then has a negative iffustrative instance and a positive choice 
differing radically from it There is a very high probability, what- 
ever he does nert, that his following choice wall be positive It is 
then tint he falls into the common element procedure 
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Of the 26 begun with an inappropriate strategy 

2 were informationally determined in the minimum number of 
choices 

24 were not informationally determined in the minimum number 

It should be no surprise that the use of an appropriate strategy does 
not guarantee determination in the minimum number of choices, or 
even appropriate strategies (particularly where big change choices 
are made) can lead to the choice of redundant instances 

Now consider success in the more conventional meaning 0 * ® 
term attaining the concept correctly Recall that when a su jec 
stated the correct concept, he was told that his answer was correc 
and the problem was terminated Two bnds of success may e 
distinguished here correct statement of the concept a ter le su ijec 
has chosen instances that, formally speaking, contained enough 
information to permit full determination of the correc onsw , 
correct statement of the concept prior to achieving enoug „ 

tion Call the first "full determination, the second good 
Sixty per cent of the problems were solved with .full ■ ^ 

nearly all the remainder with good guessing iv n 
the subject could take the whole day onaprobem if he £ad Uhe me, 
it is not surprising that only a small handful of problems 

"respect to the frequency of solution with 
It makes no difference what kind of strategy P j h 

fact that we let our subjects go on on route to 

can do is compare the efficiency of P ffia JS the m , m ber 
solution, and as always the best meas an j beyond those 

of redundant instances a subject c oos ^ t jf ne take 
instances that provide full determina ion ,, choosing of 

as a bench mark against which to solubon 

more than three redundant instance p , Q w an inappro 

"e find somewhat more than half of the su 1 , t j lo;c „j 10 cmplos 

pnately exceeding this figure, b “ t .°" > c “ 0 „ „, c problem 
appropriate strategics in their initial . „ ,i 10sc who begin 

Indeed, whatever measure ^^J^pnitc s.nlegirs, 
"ith appropriate and those who beg Their hypotheses 

the former group turn in a bettor information thes offer their 
me more often consistent with p n{r achieved full deterrnma* 

correct hypotheses much sooner niter ,1V * - ccncral show a more 
tion in the instances they have selected and in gen 
economical performance 
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This solution does not require an intelligent subject, nor indeed does 
it require an organism a random number table could do it as well 
What we wish to Know is whether a subject is able to arrange his 
choices in such a way that he achieves the requisite information in a 
reasonable minimum of choices In the present case, the “reasonable 
minimum” will depend upon whether the subject begins a problem 
with a positive or a negative illustrative instance For recall that a 
negative instance eliminates 18 and leaves 6 hypothetical concepts 
possible, while a positive instance eliminates 6 and leaves 18 An 
efficient method of choice following exposure to a negative illustrative 
card should require only three instances to eliminate all but one, the 
correct concept Following a positive illustration, five choices should 
suffice These are the requirements for the maximally efficient strate- 
gies possible 

On 30% of the problems undertaken, subjects managed to obtain 
requisite information in the reasonable minimum’ of choices In 
the other 70%, choices were of such a kind that they were either 
redundant or contained so little information that when summed they 
failed to meet the criterion set 

The critical factor is whether the subject started out with an 
appropriate procedure m formulating his first hypothesis If he did, 

len with very notable regularity he gets requisite information in the 
minimum number of choices If not, he fails to Take first the 
problems initiated with a positive illustration There were 86 of 
them altogether 

Of the 13 begun with an appropriate strategy 

chou:es n ^ 0rmall0na ^^ determined in the minimum number of 
chm in f orma honalIy determined in the minimum number of 


Of the 73 begun with an inappropriate strategy 

15 cWs inf0rmatl ° nally determmed - minimum number of 
58 were not informationally determined n» the mimmum number 


!“* th " “ ***01 h ° lds m the case of P r °blems begun with 
a negative illustration There were 50 such problems 


Of the 24 begun with an appropriate strategy 

H Xoices nf ° rmah0naIly det6rmined m the mimmum number of 
10 wen not informationally determined in the mimmum number 
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seem not as willing or able to use negative information— instances 
telling what the concept is not— in the process of attaining a concept 
The reluctance, it would seem, carries over to disjunctive categoriz- 
ing Negative information is not preferred, perhaps simply because it 
gives indirect information, perhaps for other reasons In any case, 
when it is possible to use positive information and when such informa 
tion is available, subjects will use it It is not by accident that the 
strategy most frequently employed by our subjects in attaining a first 
hypothesis was one based entirely on positive information the com- 
mon element fallacy wherein one uses as an hypothesis the common 
values of a set of positive instances It reflects we think, the general 
tendency to avoid using the knowledge contained in examples that tell 
us what something is not ” 

The objective of this chapter has been to explore the mariner in 
which human cognitive behavior diverges from ideal rational strategy 
m a particular problem setting If the present chapter has contributed 
anything to our understanding of this divergence, it has been to un er 
hne the fact that two differences do exist The first is in the dislike 
°f and clumsiness with disjunctive concepts shown by human su )jec 
The study reported has been primarily an account of systematic error. 
&at lead people to treat a disjunctive concept as if it were some img 
The second divergence is in the inability or re uc anc( \ 
human subjects to use the information contained in an ins ance 
^ustrates the negative case . f 

Perhaps m closing it would be well to mention one feature 
em culture that may have some historical relevance to °“ f 

t is a characteristic of much scientific thinking to assume a 

whatever behaves m a common way does so for a g 

Common effects have common causes The dispute ive 
delation of this classical conception Events t at a\ allereies* 

mate criterion do not have the same sign Things . f or e l,gi 

cause cards to be correct, lead substances to e e ' ’. me reason 

1 J ty in a society these things should be that way an( j is 

1S ls a highly persistent conception of cause an students 

e T ue stion that we teach ,t to our caused 

/nen cards can be “right” for several reasons, o [ ac e with 

y different and apparently unrelated agents we . ve common 

* Vl °lation of our primitive notion that common effects ^ and 
it , that we have ^ed ^ 


lies the origin of our clumsiness 


with disjunct!, e concepts 
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Or take good guessing Thirty-three per cent of the problems 
begun inappropriately were solved m this way, 16% of those begun 
appropriately A better measure is provided by the “wildness” of the 
guess that succeeded This can be stated as the number of hypotheses 
still formally possible when the good guess is made For problems 
begun appropriately, a mean of 2 3 alternatives were still possible, for 
those begun inappropriately, 3 7 remained 
We end this section where we began it Starting a problem with an 
appropriate strategy, while not a guarantee of success, is far more 
prognostic of success than starting it inappropriately Again, well 
begun is half done 

CONCLUSION 

In the end, we may ask again why it is that disjunctive concepts 
seem so clumsy and inelegant and why, indeed, they are so badly 
handled The a priori reasons we have already considered that one 
can predict only faultily or probabilistically from class membership 
to the properties of members, that two positive exemplars of a class 
may share no common characteristic, that practice shows we can usu- 
ally replace a disjunctive definition of a class by one that is compre- 
hensibly relational or comfortably conjunctive, and that oftentimes 
social pressure militates against the disjunctive concepts for reasons 
quite noncogmtive 

To this list of liabilities we may now add another To determine a 
disjunctive concept one must lean heavily upon information derivable 
only from negative instances In sum, to know what the class is like 
one must begin ones exploration by asking what the class is not like 
We are placed in the position of the allergist seeking to find what 
foods produce an allergic reaction m his patient Before he can even 
start is inquiry, he must first find a diet on which it is possible for his 
patient to live without any allergic reaction at all If need be, the 
patient is put on rice Then and only then, after he has found what 
is not responsible for the patient’s malaise, can he begin the task of 
choosing instances He adds to the diet until the allergic reaction 
occurs Whatever added matter brings on the reaction is a respon- 
sible agent, a defining attribute of the disjunctive class, allergy pro- 
ducers Ideally, the allergist w,U upon finding a first agent revert 
again to the rice and begin adding new foods once more, until finally 
he has discovered all the defining attributes to be found But always 
he must act from the outside in, never from the inside of the class out 
We know from the careful studies of Hovland and Weiss (1953) and 
from our own investigations of conjunctive categorizing that subjects 
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prisoner is a good risk The physician must decide whether this 
patient is in the class of patients who will be helped by prefrontal 
lobotomy The art dealer must decide whether this canvas is by 
Hieronymus Bosch or by a skillful apprentice in his atelier 

It seldom happens, however, that we can consider the categorization 
of single instances without reference to the way a person has cate 
gorized other instances which are identical or similar We need to 
look at a series of mstances m order to know what the properties are 
upon which the person is basing a categorization and what over-all 
procedures he is following Suppose, for example, it is established 
that about 70$ of the patients in a given diagnostic group are helped 
by prefrontal lobotomy but it is not known with certainty what the 
characteristics are which mark off this 70% from the 30* who will not 
be helped We may find three physicians independently deciding 
that a given patient will be helped by lobotomy These three deci- 
sions about a particular patient acquire different meanings when we 
note that one physician has a record of recommending lobotomy f' ir all 
or almost all of the patients in that chmcal group while the othe , 
recommending it for 70* or so of the patients in the group, do not 

recommend the same patients in their 70% ..^arrhps 

There are also differences in the kind of informal, on on parches 
for in order to make a particular as against a series declsion To 
quote the economist Shackle (1949) If I am faced with he need to 
choose a career does it help me much to ^w*at the proper 

tion of successes in this or that line is sue an “ n dFeIIner 
Shackle, as well as other economists such as Knight (18 ) 

(1943), emphasizes the need to know not sunply " 
bihties but also the relevant differences between indwidua even* 

In a choice of career, one must! Sto which 
which mark the successes and the eyen this 1S mS uf 

one possesses these characteristics on fect ] y For particular 

ficient if these characteristics do not pr P ^ the 

decisions, then, the search for criteria! attributes 
predommant feature even if it is insu cie " which single and 

The other respect, and * tT S Ac inch* du al ex- 

senes decisions differ is in their q S1 milar instances or making 
pects to have later chances at ca egor g aim £ or on any particu 
similar decisions, one of the thmgi ^ a f , f , ater attempts In 
Iar occasion is information which tions which carry 

fact, an mdividual may make dec mls ® to yield considerable 

httle chance of immediate succes P „ of recou ping of 

subsequently relevant information This exp 
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Up 


p to this point, we have dealt with 
experiments and observations m which a person could eventually 
m er with certainty that objects exhibiting certain defining properties 
e onge in a particular class That is to say, these studies were about 
a state of nature in which class membership could always be foretold 
from a knowledge of certain attributes exhibited by an object This 
)T aS . * ® C * se 111 P ru ^ ci pl e the person could but learn to distinguish 
\ UtGS °kj ects ^ at were relevant to class membership from 
, a Were “ ot Class membership” in this context refers, of 
ultima* ° SOme S arec * u ^ tim ate property of an array of objects, an 
or what ? r °P ery su °h as edibility, or rewardingness, or “correctness,” 
emerge intn'Th ^7* u ^ entua % a subject in such experiments may 

“all red m u * ° f certam ty and learn an infallible rule such as 
all red mushrooms are poisonous ’ 

whidT certmnf!! ' Vlt ^ the P er haps more usual state of nature m 
identity cannot be 'alhleoed attnbuta tD cate f T,a ] 

lttZt a ofob T T 

JSS* the,r cale 8° rlal lden ‘“y What are the 
direct rather than a sh% k T ° Wh ? ““S"' “ 3 

the defining attributes o/aLicesrfZ* ^ " 

a ZteLV on Tb ° f dmS, ° n » placing instances in 

mmt maS a d Pr0babb defi "”g attributes’ Here we 

l , b ““ decK '°™ O bout a particular instance 

and decisions about a senes of instances We are often in a position 
where onr interest is centered upon the categorizations of particular 
instances or events The parole board mutt decide whether that 
182 
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take cover every time This is what we cal! an 100 0 or an all-omU 
none response distribution For reasons which are not immediately 
obvious, the soldier may on the other hand adopt what we call an 
event matching response distribution In the present example, this 
means taking cover on 70S of the approaches and remaining exposed 
on 30% of them Most of the points we have to discuss are about con- 
ditions important m determining whether response distributions tend 
towards the event matching or the all-and-none type 
Presence of Potentially Criterial Cues There are some situations 
in which individuals can be guided only by the relative frequency with 
which instances turn out to belong to one category or another-situa- 
tions, for instance, where there ,s such a poverty of discnm.nable at- 
tributes that it is hard to know where to start In situations such as 
these, we shall see that one of the most interesting features of the 
individuals behavior is a kind of -cue searching “ attempt to find 

attributes he can use as a basis for deciding whether a particular object 
should be placed in one category or another 

Equally often, however, the environment or one P^'°^ 
ence provides some guidance as to the attri u e cue Aerial 

used, but these are cues with less than eomplete val d. y Ae ial 
perspective binocular 

of them can we infer with complete certainty that an object is 

° r in r such situations, the feature of behavior that : ,s, it most interesUs 
the correspondence between cuei cnU eno, ^ whjch B jn fact 

the extent to which a cue is used , reflected in the indi- 

predictive Is the vahd.ty of a cm = ^ ^ M morc %a ],d than 

viduals placements? Or does lie g . , , tl iev are? If so, is there 
they actually are and °*® rs " lc j, „,n help to clarify »h), 

anything about the quality of th ^ ^ more va j, d than it actu- 

say, a particular cue comes to g ^ ^ js of import ance is the 


cue C T CS ' ahw uhicli is of importance u I 

ally ,s? We shall see that one quality " IC ‘ 

Eindrmghchlcit of a cuc-its Vcc i,, 0 n. What are the 

Payoff Matrix Governing C g » , Let 1IS assume that 

possible consequences of making «■ of outcomc can follou being 
in the soldier’s opinion onl) t\ _____ 

probabilities while tbc \ erbal estimates 
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being able to nullify past errors or losses, is one of the most comforting 
and significant features of series decisions. 

The way in which people categorize individual instances and the 
way they categorize a series of instances are then inextricably related. 
We shall best proceed by studying a series of individual categoriza- 
tions given the presence of various kinds of attributes in the instances 
about which decisions must be made and given situations where these 
attributes can be used with different degrees of validity to determine 
membership in a category. We shall always be asking: a. What 
general procedures does the person follow in the over-all frequency 
with which he places instances in one category rather than another? 
h. What specific procedures— what properties or attributes— does the 
person use in placing a particular instance in one category rather than 
another? We turn first to some general points which run through the 
variety of probabilistic situations we shall be analyzing. 


SOME PRIMARY CONSIDERATIONS 
A particular emplacement on a battlefield has been undergoing pro- 
onged artillery bombardment. High-explosive shells are landing in 
its vicinity, each heralded by a familiar whine of a duration sufficient 
tor the men to take cover if they so choose. Some of the shells are 
live; some are “duds” which fail to explode upon landing. We con- 
centrate on a particular soldier. What will determine: a. whether 
ie a es cover or stays exposed on any particular approach, and b. 

e requency with which he adopts each course of action over a 
series of shell approaches? 

Estimated Probability of Live and Dud Shells. Let us take a 
situation where JOS of the shells are live and 30* are dud. How ac- 
r ,. C 1S , l , Cr ,i il f ly t0 become in his estimate of the probability 
? ™ ddud f lells? He may come to believe that there are more 
live shells than there actually are, or more dud shells than there actu- 

extts ’ ° r * tHe mi ° “ C ' OSe ‘° the 70:30 rati0 which actually 

Let us suppose for the purposes of argument that our soldier's esti- 
vVl™ ;3 u ”, OW doeS this estimate affect the frequency with 
W 1C .p. 6 es e res ponse of taking cover versus remaining ex- 
posed? He may respond as if all the shells were going to be live and 

•For the sake of convenience, sve are a, s „ mlng that an est!mate des a 
response and that an estunate is obtainable. I„ pra c ti ee, i, fa not casual for 
response frequences to be stably established long before a verbal estimate can 
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curred along the way Furthermore he will be tempted to take steps 
which offer little chance of immediate success but whose outcome will 
provide information especially useful for future decisions This 
search for information then, arising from the persons conception of 
the categorizmg task, may in itself be expected to affect the manner in 
which probabilistic categorizing proceeds 

Opportunity for Validation We have proceeded so far with the 
amiable fiction that our soldier could always check whether a shell 
was really live or not Every prediction he made could e teste 
against an external standard But we are seldom in so excellent a test 
mg situation We can imagine very easily, for example, a situation 
where the opportunity for validation is removed Suppose a man 
learns to identify the sounds of live and dud shells under the best of 
training conditions, where all relevant information is immediately 

available , . f „„„ .u_ 

Now what would he the effect on a trainees performance d.say.the 
instructor no longer announced what the shell was an e r 
longer had an external standard against which to chech h.s p ed c- 
tions? He would continue to be exposed to the shell s whine but with 
no further opportunity for testing his judgments , j 

Or imagine situations where validation is onesided The 
will know! for example, that if the shell explodes on ^ I 

But ,f it does not explode, it may be either a dud or a ****££ 
live shell As we shall see later, the presence of such a nd 
portumty for vahdat.on affects considerably the occurrence of all 

n0 Her b elTn°are five factors tint may 

viduals will categorize instances >» « F® onc or another 

estimated probability tha : the exe cu J and thcir xalldit). 

class, 2- the presence of P ote f ‘ r.zrng situation, 4 the per- 

3 the payoff matrix governing t ‘ S ® unlt) f or validation 
sons conception of the task, and P u hich the indi- 

Each of thL, we shall find, ^"^t to which he cate- 
vidual categorizes particular even ‘ matc h, n g or an all and none 
gonzes a senes of events in an 
manner 

CATECOMZINC xxm. — "ni'tri'I^mXudon 
Tor purposes of exposition, '' e s <MTnr , 71 ti on with the extreme 

of how people proceed in prolnhi istic n f p<mih!c corf in 

situation in which the attributes offer .m— 1 1 ^ {n 

distinguishing catcgonalb between one exent 
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exposed to a shell life and death We may represent the operative 
payoff matrix in this way 


Anticipated Events 
and Outcomes 


Decision Alternatives 

Live Shell 

Dud Shell 

Take cover 

Life 

Life 

Stay exposed 

Death 

Life 

Estimated probability of event 

0 70 

0 30 


This matrix is a simple one, and it is the kind of matrix where, if 
life is wanted and death not wanted at all, we would expect the soldier 
to take cover every time The situation becomes more complex if the 
outcomes are less simple than they are here, if, for example, taking 
cover means staying alive this time but being in no better position for 
the future whereas staying exposed means death if the shell is live, 
but, if the shell is dud, moving forward to a better position for meet- 
ing the future Here there are three possible outcomes death, life 
but no further ahead, and life plus being further ahead Now it is 
c ear that both the extent to which the individual likes each of these 
outcomes and the probability estimates he makes of each of these 
occurring will affect the decision he makes As we mentioned in 
lapter 3 it is very much a moot point as to how various considera- 
lons are balanced in establishing a preference, how preferences can 
e or ere and how probability estimates and outcome values com- 
° T« e / en ^ 1 ? 1 e ,k° VV a particular decision or a series of decisions is 
ma e es all be concerned mainly with determining the psycho- 
logical variables which are involved 
Conception of the Task and of Its Final Resolution How does the 
individual view his task? If he sees it as one m which a final and 
unique solution is possible-m our example, if the soldier believes that 
eventually he will be able to find the cues that will tell him with com- 
plete validity whether a shell is live or not-then his categorizing pro- 
cedure may well be different from that of the soldier who sees the 
situation as a ways and forever one into which uncertainty will enter 
One difference which the concept, on of the task makes is ,n the atti- 
tude towards taking a chance and making an error The individual 
who aspires to eventual certainty and who expects to be able to continue 
categorizing and exploring will often risk errors more readily on the 
assumption that a successful final solution will negate the errors in- 




189 


On Categorizing with Probabilistic Cues 

three, the figure dropped to 68% and after four it was down to 33% 
After five successive occurrences of “check” it reached 18% * 

Why do subjects use sequence cues? First of all, in such a homo- 
geneous array the only difference between one instance and the next 
is temporal position Further, the subject is treating the task as a 
problem to be solved, a point which may appear banal but which is 
of the utmost importance The subject has been instructed to try and 
predict as accurately as possible and he usually attempts to do this 
by looking for some “pattern” or “system” that will enable him even- 
tually to be correct on every prediction or at least to improve his per- 
formance The particular kind of pattern he searches for is one based 
on the order of events, and behind his search lies a widespread as- 
sumption about relationships between events that are closely asso- 
ciated in time It is a very general human tendency to deny the in- 
dependence of temporally related events, to assume that if a series 
of events has gone in one direction over jj period of time, it is ripe 
for a change” The gamblers fallacy (Jarvik, I95I)-the notion that 
since black has paid off for a long succession of times, red is due to 
come up-can be observed at virtually any gaming table or slot ma- 
chine m the world An amusing example is given by Laplace (1825) 

“I have seen men, ardently desirous of having a son, who could learn 
only with anxiety of the bnth of boys in the month when they ex- 
pected to become fathers Imagining that the ratio of these births 
to those of girls ought to be the same at the end of the month, they 
judged that the boys already born would render more probable the 
births next of girls” (p 164) Combined with such an assumption of 
event-interdependence is usually the further tendency to opera e on 
the basis of shorter runs of events than occur on a chance basis, re- 
garding long runs of the same event as extremely unlikely (cf Smith, 
1949, Whitfield, 1950, Cohen, 1954) 

MrTjarvik’s experiment, the concern was entirely with thesequencesofeven^ 
regardless of how the subject was catering these events 
beUor « i-v* these pas. events was abo d—t^of ""a 

In a study by J J Goodnow (1955b) .« l„_„ the actual 

volved, we can look at the effect, of correct and ^correct «tlb where the act 

events were the .ante When the even. ^ ^"sth a 

occurred 30* of the time, a correct call of dud by ^ J _ _ ^ ^ 
probability of 0 48 to a second call of dud ' . , t being 

subject incorrectly called r. “hue/ the ertu^ ^ 

dud was down to 0 31 The effect of past ca w]lo sinu |arly remark that 

has also been discussed by Hake and Hym be account For the 

previous calls as well as previous events m f previous events, without 

present discussion, we shall refer only to sequences ot previous 
regard to previous calls and their correctness 
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which the consequences of correct and incorrect categorizations are 
slight and relatively equal Tins is as “stripped down a decision- 
making situation as one may find it serves as a good bench mark 
from which to build an account of probabilistic categorizing 

Our soldier, let us say, has now ensconced himself in a deep bunker 
where, save for the contingency of a direct hit, he is safe It makes 
no difference whether he calls the approaching shell live or dud in 
terms of any action he can take, but he is interested nonetheless m 
learning to predict as accurately as possible He is, however, unable 
to find any feature in the sounds of approaching shells that can be 
used for predicting purposes He can tell, after a shell has fallen, 
whether it was live or defective Whatever his motive, he is in the 
habit of predicting, each time he hears an approaching shell, whether 
it is live or not 

What can we expect about a subject’s general procedure in such a 
situation? One prediction we can make, based on studies by Hum- 
phreys (1939) and others, is that his categorizations of live and de- 
fective shells will conform to the actual proportions of live and defec- 
tive shells falling If the ratio of live shells to duds is 70 30, the calls 
of ‘live” and “dud will be distributed in roughly the same proportion 
Humphreys (1939) arranged his study in much the same manner 
as our soldier’s task is arranged When a light came on, his subject 
had the task of predicting whether or not a second light would appear 
This first light was always identical In Humphrey’s experiment, the 
probability with which a second light would follow was 0 5 Later 
experimenters, using the same situation, varied the probability with 
which a second light would follow 0 25, 0 50, or 0 75 (Grant, Hake 
and Homseth, 1951) In this second experiment, subjects again 
matched the frequency of their predictions of a second light to the 
actual probability of its occurrence 
How do these subjects decide upon the answer they will give on a 
particular trial? What cues or discnminable attributes, if any, have 
they found to guide their categorizing of particular instances? Cer- 
tainly subjects are using the over-all relative frequency of the two 
events as a general guide If we analyze the sequence of subjects 
answers, however, we find that they are also using as a more specific 
guide the position of an event in a series Let us look at the way in 
which subjects responded to a run of six events in an experiment by 
Jarvik (1951), where subjects predicted whether the experimenter 
would call “check” or “plus ’ After the first call of “check,” a second 
was predicted by 95% of the subjects After two calls of “check,” 
about 87% predicted that the next call would be “check” again After 
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ability occurs under a problem-solving set and under the condition of 
slight and relatively equal consequences to success and failure 
Let us now change the Humphreys type “cueless situation in only 
one respect This time, rather than starving our subjects for at- 
tributes to work with, we flood them with attributes that, for identi 
fication purposes, are worthless By providing this rich array of 
seemingly utilizable attributes, the situation appears at the outset as 
a complex problem solving situation In essence, however, it is 
basically a task like the one used by Humphreys save that when the 
“first light appears, it may appear in many discnminably different 
guises 
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The experimental observations illustrating this ^"£^P 0rted ^ 
J J Goodnow and Postman (1955) can be bnefl; y - tocM ^ 
subject is presented on each tna 1 unt clr 5 ds ” each 0 f 

taming two geometric designs, and fi(riires on the key cards 

which contains a slight rearrangemen o a ]me> thc ot her 

One of the variation cards represents an The 

a subtraction of a line from the £ % cards- 

subjects task is to couple one viri * 0 j(j there arc 

either the subtractive or the additive variation AU told « 
ten key cards, each with a different thl suf- 

there are two additive and two subtrac 1 Fieurc 5 shows 

Sciently alike to make the memon task difficult fc 
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How reasonable, objectively speaking, is a subject’s use of se- 
quences in such "cueless’ situations'* If the series of events to be 
categorized is truly random, then position in a series is not a valid 
attribute for categorizing individual instances We could legitimately 
say that the subject in his attempt at event matching, latches on to 
the only discriminable difference there is between instances and gives 
it a value in making decisions which has no basis m fact We could 
almost say that subjects behavior, when it comes to categorizing par- 
ticular instances is completely superstitious 
Although m many respects the subjects’ behavior is superstitious, 
we must say— in all fairness to them— that the use of probable short 
runs of events as a basis for making decisions is not entirely without 
foundation in most of the experimental situations studied Where, 
for instance, a series of 100, 150, or 180 trials is to be given, it is cus- 
tomary experimental procedure to randomize events within blocks of 
10, 20, or 30 trials so that learning effects can be observed Also it 
often happens that an experimenter will place an upper limit on the 
number of times in a row that a particular event can occur Under 
such circumstances, subjects show a certain reasonableness in at- 
tempting to estimate the probable length of a run and in regarding 
runs as being shorter than they would be in a completely random ar- 
rangement over a long series of trials The attribute of position in 
t e series has then some slight predictive value It is, however, slight 
m fact and tremendously exaggerated by subjects What the subjects 
o is to take this merest hint of a predictive property and elevate it 

to the status of a highly valid cue 

. consi dered this form of behavior at some length because 

1 US , ates a P oint that will be of relevance on several later occa- 
sions e ten ency to search out attributes as guides to categorizing 

l^na^u Can speak S enerall y of ' effort after meaning,” as Bart- 
« r as » one species of the tendency may be described as a 
search for signalling attributes ” 

Let us summarize matters briefly before moving on to the study 
o categor.zat.on situations that are more compile and perhaps a 
little closer to life men there are no valid attributes to use in 
categorizing individual instances but the subject can observe the fre- 
quency vi i vv nc exemplars of two categories occur, a subject 
matches lus categorizing probabilities to the actual probabilities avith 
which exemplars of various categories occur in the environment To 
categorize individual instances, he uses the temporal order of events 
in a sequence as h,s guide Finally, and this is a point too readily 
overlooked, such a matching of categorizing probability to event prob- 
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were categorized The role of coincidence is most marked when two 
or three consecutive cards all exhibit a common feature and the 
answers happen to have been the same for all In such cases, the 
subject feels sure that this common feature is the one on which all 
further categorizations should be made He is then likely to con- 
tinue to use this cue for a time before giving it up As is the nature 
of judgments based on coincidence, the occasions which run counter 
to the individual s hypothesis are far less impressive than the occasions 
which agree with it Given a great deal of leeway in t e in o 
coincidence which may be encountered, and a readiness to e 1 m 
pressed by coincidence, it is not surprising that indivi ua s vary so 
much among themselves in their selection of relevant attri utes an 
at the same time express such confidence in the attribute they have 
selected Their reliance upon such cues adds up to a level ot p 
formance that approximates event-matching « ». 

Now we wish to ra.se the question Why is .t that m both mulh- 
attnbute” and "cueless” situations we find event "? atclun ® ' " , L 
pro*. motion to ,t over the series of decisions? -W - ‘° b 

several conditions underlying event matching We must e ™™ n 
these now ,f we arc to understand the behavior of ubjeca a ater 
situations where attributes are more valid but are still not comp y 

““ WSSZ ° If a subject feels that he sho^d a,m 
for a perfect or unique solution of the problem before him, ^suc^that 

he will be able to ^^Tthe^me the alternative that 

away from the strategy of prrf.ot ng one 5ub t "If I want 

“ ° ecumn S fte ?“ e fhen I'll have to choose each type just as 

to be correct every time, tnen in „ Jn other 

often as it's going to be correct, ”°° 50 e fa5hlon m a 50 50 situation, 
words, he will have to respond m however, the subject 

in a 70 30 fashion in a 70 30 “fa * Jet prldSmn on every 
feels that he does not have to ai b j e In a 70 30 situa- 

trial, then all-and-none behavior ec ° (ime the 702 alternative) 

tion, all-and-none behavior (choosing O I f SUCCC ss 

will result in being correct 70* of U» t - sltua „on 

may be more than acce P table ' f a r as problem solving is con- 

But it is equivalent to giving up P 
cerned 

• These condiUons arc drawn from “ “^JJ^b^'^^nlread, tembeil 
to inquiry in two matched tasks one e |qk,\ ^ discussion of the former 

and the Other a gambling task (Goodno*. 19o5a) 
experiment is given on p3ges 191-1 
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three of the ten sets of designs In essence, the subject must say 
each time, * Is this a time when I couple the key with an additive or 
a subtractive variation' 1 and he may make up his mind by inspecting 
numerous properties of each trio of cards set before him There is 
m fact no general rule whereby a particular kind of stimulus property 
can lead one to choose the correct variation although the subject is 
led to believe that such a general rule can be found Indeed, the 
only general rule that prevails, although the subject is not aware of 
this, is that on a certain proportion of trials the additive variation is 
correct and on a certain proportion the subtractive For different 
groups, the proportion of times that additive and subtractive are cor- 
rect is 50 50, 60 40, 70 30, 80 20, and 90 10 Whether a given choice 
by a subject is called correct or incorrect by the experimenter is de- 
cided by random order with the restriction that the same probabilities 
apply as far as possible to each key card 

In all but one case, the frequency with which subjects called adding 
or subtracting correct matched fairly closely the actual proportion of 
the time that these variations were in fact correct The only excep- 
to the rule was the 60 40 case, where subjects responded on a 

50 basis In terms of performance over the series of decisions, 
there is no difference between the results obtained m the “multi- 
attribute and the ‘ cueless ’ situations In both event matching be 
avior prevails But there is an important difference between the 
wo situations in the way in which subjects proceed m categorizing 
individual instances In the * multiattnbute ’ situation, with its rich 
variety of potential cues, the attribute of position in the senes is very 
om emp oye (Goodnow, 1955b) Instead, subjects report using 
pvjirm° ne Q n ° W T ther tbe avai ^ a ble attributes as a basis for de- 
“ 7 Sub i e f s > for sample, come to the hypothesis that the 

C " Curved lmes r 15 the AttHbute to use, others choose straight 
r ° r * e , P T nCe ‘V'vr.ggly >■"“ on top. while still others use 

to note ,C tl, n ,i 1 % Stnorfolmris of the figures The interesting thing 
their mteirn su bjects respond so variably on a verbal level, 

probabilities "And' ST evLTmatchinT 15 ”? qmt6 ‘° Tb 

subject h0l< ^ S ^t ea 'broosbout^e^earmng 1 senaes n even°dmug^the 

on b wb LTtn l b ° < ? langl , ng ab out the attribute or attributes 

on which to base lus individual categorizations 

How do subjects come to use stimulus attributes in this seemingly 
mjstcrious wa>? The most general answer we can give is to say 
that the subjects hypotheses are based on coincidence and. on an 
attempt to remember the way m which previous similar instances 
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In conclusion we can note that the categorization of particular in- 
stances is marked by a search for attributes to be used as cues, to the 
extent of leading individuals to latch on to irrelevant attributes or to 
exaggerate minimally valid ones. The categorization of the series o 
instances is marked by event matching. 


CATEGORIZING WITH PARTIALLY VALID ATTRIBUTES 

Thus far we have considered the rather special case of categorizing 
in the absence of valid or even partially valid attribute-cues on which 
to base decisions about particular events. We turn now to t e more 
usual case where moderately good although not completely valid at- 
tribute-cues are available. r ... . 

Let us revert again to a military situation for purposes of illustration 
The task, say, is one of identifying approaching fighter atfcraft 
“enemy” or “friend” where few if any features o t e p anes pr 
a completely valid cue. Friendly planes usually have a ce* yp 
of wing, tail, and scoop— but only usually, not a ways. 
planes. 8 Moreover, friend and enemy alike 
common features. Finally, it may not be possi haloful if 

approach angle of any particular plane to see all of the ■ Md»UE 
only partially valid, defining attributes. A plane coming g « 
for^examplejbetrays only a 8 knife-edge silhouette nfwin g sand,a. 
In such a case, these cues, though they may be relevant, cannot 

“tis is the type of situation with which we shall be dealing now. 
Strictly speaking it has two notable features. 

a. There are partially valid but not S “ ldinE 

decision as to the categorial identity o 1 ^ cate gorized, the de- 

b. Vis-4-vis any particular instance , h re)evan t cues available to him. 
cision-maker may not have all of the reievam 

It is immediately evident that we “ty^lmg hem with a^ost^n- 
ventional and common type of catego 8^ ^ ^ ^ slages of 
it is the position in which we find ^ ^ a basis 0 f cate- 

1 earning. We often may know what I to but we do not 

gorizing, thanks to some prior guidance a see As we mcn- 

yet know how much reliance to p ace i n ' ^ (ed t hat much 

tioned earlier, Egon Brunswik (19«. -> probabilistic order, 

of the cognitive activity' of every ay i e ncar or far, for 

Most of our judgments as to whet icr . j, va ]jj cu cs. Tiicse ore 
example, rely upon comhinations o pa ' llich ma y also be absent 
cues which are not only partially valia oui 
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Need for Direct Test of Hypothesis. Frequently, when a subject 
was asked why he had chosen the less probable alternative, he would 
reply, "Well I had an idea about that card and wanted to check it 
Actually, the subject can check hypotheses about the infrequent al- 
ternative b) continuing to choose the more frequent alternative, since 
in the situation we are describing he is told explicitly that when one 
alternative proves wrong the other will be correct, and vice versa 
Almost universally subjects report a certain dissatisfaction with check- 
ing an hypothesis about a less likely alternative in such a way, i e , by 
choosing the more likely alternative and seeing whether it turned out 
to be wrong This procedure they found “too indirect.” “The only 
real way to check an hypothesis about a card is to choose it and see 
what happens” It is our impression that this tendency to “direct 
test’ is more often encountered in the “multiattribute” situation where 


more stimulus attributes are available for testing as possible cues than 
in the stripped-down “cueless” situation Indeed, it seems possible 
that the richer the array of attributes and therefore the larger the 
number of possible hypotheses to be entertained, the greater will be 
the tendency to direct test Note that this is not the same as pref- 
erence for positive instances observed earlier in conjunctive concept 
attainment Subjects do not mind negative instances— in the sense of 
errors -provided the errors give them a direct test of an hypothesis 
with the possibility of being able to reject it It is when an instance 
yields information that has to be transformed to throw light upon 
its a ternative that subjects seem to develop a cognitive malaise 

Interest m the Less Frequent Alternative. There is a strong tend- 
ency or su jects to regard prediction of the infrequent event as a 
greater test of skill than prediction of the more frequent event In 

f ' VOr S 0 one su k»] e ct If I knew when to pick the [less frequent] 
subtractive cards, I’d have the whole answer to the problem ” To a 
arge e\ ent, su jects use the placing of instances in tile less frequent 
category as a test case to verify hypotheses A hypothesis is re- 
garded as more strongly confirmed if it leads to a correct placing m 
the less frequent category, conversely, a hypothesis by which one 
cant even pick the [more frequent] additives” is regarded by many 
subjects as really useless ° 

These three cond.tions-hope of a unique solution, need for direct 
test, and interest in the less frequent alternative-all underlie the oc- 
currence of event matching rather than all and-none behavior There 
are certainly other relevant conditions, such as the consequences of a 
categorization, but these three are the ones to winch we will make 
most reference throughout the remainder of the chapter 
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see either a single cue or two cues, but never three cues together 
wing and tail, tail and scoop, scoop and wing, or any one of these^ 
Note carefully one feature of the experiments, type X and not-X oc- 
cur with equal frequency There is no reason for a subject to believe 
that one is more frequent than the other It is the relationship be- 
tween type of plane and the possession of certain attributes that di er 
from randomness f 

This experiment makes it possible to study several important ea 
tures of probabilistic categorizing When, for example, on y a sing e 
cue is present to the observer, will the subject show the n o even 




. A two-cue instance 

A one-cue instance i, /after R E 

F, S Ure 0 Examples of instances used «n aircraft .dcntificat.on tas 

Goodnow) ^ 

Watching discussed in the preceding section? Tint Hi x «,ih a 
presented with instances m which the cue in ,c t c x 
33 frequency, will the observer name 1 ieSC ^ c va vs aim to 
J lhe time? If he does, then his behavior is in ^ ]|d attri butcs 
e performance of subjects in experiments w ier . -^.cots use a 
are mailable This then is the first q uestl0n . . %a I,dtt> 5 
Sl ngl e cuo with a frequency that matches i s o J ,j jn g 0 f sc\ era 
The second question we may ask is about UancollS presence 
^ es appearing in a single instance DO “ ■"crcisc th« 

f « 100 0 cue and 67 33 cue, both pointing to tjp ^ v rich 
!2^>tyof the subject’ Whit of t« o cues po S ' 

All three arc s | 10;vn together only in the lmtuI 
>pc \ and at\nc not X 
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or indeterminate on any given occasion when a categorization must he 
made Indeed, as we remarked in an earlier chapter when dis- 
cussing partially valid attributes, much if not most of the socially 
relevant categorizations one must make— particularly in "placing 
people— are of this order Is a man intelligent or not, liberal in his 
political views or not, sympathetic or not? The cues are only partially 
valid and often only partially present 
The military illustration with which we began also serves as an ex- 
perimental paradigm Such material was used by Robert E Good- 
now (1954) in one of his experiments on probabilistic categorizing 
and upon these experiments we shall rely heavily in this section His 
objective was to ascertain the manner in which subjects learned to 
utilize probabilistic cues and to assess the extent to which their use 
of cues corresponded to the cues’ ecological validity Briefly, the 
first of his experiments was as follows The subject is shown an ex- 
ample of a type X plane and one that is not of this type— "not-X” is 
the term used The task the subject faces is to identify a series of 
aircraft silhouettes projected singly on a screen He must place them 
in one of these two categories It is made clear to the subject that 
the two types, of planes are experimental models and that all of them 
will not be alike After the subject has given his response to each 
aircraft silhouette he is told what type of plane it was Care is taken 
to indicate to the subject that the relevant features to be watched for 


are wing, air scoop, and tad Two values of each attribute are dem- 
onstrated wings may be swept back or delta shape, tails may be 
either of the rounded or straight type, air scoops may be single and 
under the fuselage, or double and at the sides of the fuselage The 
variations of each attribute are shown m Figure 6 

In Goodnows experiment the subject is not faced with complete 
lack of certainty One of the attributes provides an 100 0 or com- 
p etely valid cue, but the other two attributes provide only partially 
valid cues A different attribute is used as the 100 0 cue for different 
subgroups In the group where the wing is the 100 0 or the com- 
p etely valid cue, a delta wing always turns out to be a type X, and 
a swept wing model is always a not-X The other two attributes, 
type of tail and position of air scoops, are what we shall call 67 33 
J 1 ' 11 15 t0 strarght tail turns out to indicate a type 

X 67% of the time, a not-X 33% of the time, and conversely, a round 
tail is a not-X 67% of the time and a type X 33% of the time So 
too with air scoops, the) also are 67 33 
When the aircraft silhouettes arc presented, the subject is able to 
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What is immediately relevant is that in categorizing with partnll) 
valid cues subjects do not completely show the hind of event mate ing 
with which we became familiar in the preceding section First, a 
number of subjects treat the 100 0 cue as if it w ere less than certain, 
using it to place planes in the appropriate categories only a out Jo 
or less of the time And with respect to a single 67 33 cue, the 
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with a validity of 67:33? These are questions of cue compounding. 
What finally does the subject do in the face of cue conflict, where, 
for example, one cue points to type X with a validity of 67:33 and 
the other cue points to type not-X with equal probability? 

The Handling of Single Cues. The design of Good now’s experi- 
ment was such that some subjects had the wing, some the scoops, 
and some the tail as the 100:0 cue, the other attributes being 67:33. 
For the moment, let us treat all the cues indifferently, speaking of a 



sconn ° r nl 7 f "v wit ^ out re g ar d to whether it was wing, tail, or 
SC0 ”P; ”7 n d “ ^iects handle single-cue instances? S 

ouestion T F- P res ' nt 1116 data necessary for answering tills 
^ F,gU f e , 7 '^ trials- are broken down for conveni- 
u * P^ 10 s of 30 trials each, and the extent of choice of 
m R r° a »i 6 e ?, 0r ^ “ s ^ own for each of the four periods. 

Figure 8 shows the distribution of subjects’ choices of the more prob- 
able category over the entire series of decisions. 


• In all, there arc GO onc-cuc Instances and 60 


two-cue instances. 
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by coping with one attribute at a time, dealing with it m such a May, 
moreover, that one may have a direct test of ones hypotheses 
R E Goodnow proposes one additional hypothesis to account tor 
the undervaluation of certain cues and the overvaluation of partly 
valid cues in probabilistic categorizing This he re ers to as e 
“collapsing of the range of probabilities with whic a person mus 
deal Such "collapsing of a range” is not too outlandish a conception 
if one likens it to forms of scale contraction known m psychophysic 
If one puts the matter m terms of central tendency or adaptat on 
level effects operating on cue probabilities much as they ar e kn own 
to operate for weights or brightnesses, 3 nu m b er of interesting 
possibilities emerge We would expect to find that bo * * 
and the 67 33 cases would show regression on some F° bab,bt >’ 
adaptation level ’ How one would compute e va 67 33 

adaptation level for a collection of three probabdltms 
and 67 33) is, to be sure, problematical But if sue® _ an P ^ 

as this were reasonable, then we would expec a J „ » 

regressing in them responses to their concept, on of the avera| 
rehab, lity of cues present in the situation Indeed he fact m 
after the experiment subjects actually did overe h 

of 67 33 cues and often underes.,mate the re» 

100 0 value lends a certain credence to the adapta itio out 

Acceptance of an adaptation level effect oes ■ spread of 

the possibility of oth^r effects a.so ^ 

doubt, direct test of h yP°* es “' 3 f evanl P C vplanat,ons, within the 
with one cue at a time are still ^ understan ding of 

framework of a general adaptati ^ , 0 be>ond a state- 

such tendencies is especially neede mdividual 

ment of general results and concern ourselves u.th hoM 

instances are categorized , tliat nc were 

The reader was duly warned on “ much the 

treating single cues as if, oidhved its usefulness 

same way as any other This ucu «.pminely equivalent 

Even ,n the present experiment using ^ps ’ it Vums out 

in immediacy or vividness as «mgs, ■ bc accounted for 

that there are some sinking differences thU^nnot short , 

simply , n terms of the relative validity of cues ^ 

•Several experimenters have observed the t ^ probabilities while ever 
and prediction situations to underesi . ' zs to whether central ten •■zx} 

«UmaUng lower ones and hasc raised “l Baratta (IW«). 

scaling effects were not at work, eg. 

( 1933 ) 
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experiment to estimate the percentage of times that different features 
of the plane (or its equivalent) were associated with type X and 
not-X Here again one notes that many subjects underestimate the 
100 0 cue and overestimate the 67 33 cues 


Why are 100 0 cues not regarded and adopted by all subjects as 
certain guides to categorization? R E Goodnow explains the 
phenomenon partly m terms of “the spread of doubt ” A number of 
subjects, having found that some of the attributes are uncertain, 
develop a generalized doubt about attribute validity As one of them 
put it, You can t rely on anything too much ” In essence then, m a 
probabilistic situation, a subject is sometimes reluctant to treat cate- 
gorizing in terms of the kind of certainty observed earlier in con- 
ventional conjunctive and disjunctive categorizing 
While the spread of doubt’ is applicable to the first finding, it is 
in a sense m contradiction to the second the exaggerated utilization 
of middlingly valid cues How account for the fact that a 67 33 cue 


pom mg to a particular category is used to place instances m that 
category approximately 80% of the time? 

Goodnow points to several interesting factors that may lead the 
subject to overvalue the moderately reliable cue He notes that 
subjects have a tendency to treat one 67 33 cue as if it were certain, 
lfc or , a , stretc h to make the more likely categorization 100% of 
the time, while at the same time experimenting with the other 67 33 
q cpnpc 0 Ff \ m tei i ins an sample, the subject would go through 
a 67 fu S pred ?V n g a tyP 6 x 100% of the time on the basis of 

carefully o/theW c ' ,me a PP or ‘ lonm g his caHs wry 
nnf v Tk ot a 67 33 air scoop type between type X and 

a 100 0 nin” W ° U i, r™ lile turn air SC00 P t0 be responded to in 
To sle extend *“ S “ b)eCt ■*““«« ™th wrng shape 

pletelv valid a’ t J 1 ™ tem P ore acceptance of a 67 33 cue as com- 
eUewL^T,M Eem r lntended 10 free the subject for work 
cues Tn UDt ° r the °™ut,l,zat.on by subjects of such 

cue at a time artTnft ° E tnaIs SuIular tendencies to test one 

have been esn 11 ° S j rvec * ln P r °blem solving experiments and 

<~> -r— . - 

noTe h,S -Hotw 10 " 7,°u'" K ° n one cue a ‘ a 'me is worth especial 
after a , t g ^ COnstant whll e checking another is, 

frZf; essence of both the successive scanning and focussing 
stra egies m conjunct.se categorizing and is also at the root of the 
negative focussing discussed in connection with disjunctive categories 
There is, of course, a considerable lessening of cognitive strain gained 
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“cue preference ’’ For the interpretation is post hoc and the experi- 
menter had no independent definition of impressiveness or preference 
before the fact To pin the matter down, Goodnow adapted the 
well-known schematic faces used by Brunswik and Reiter (1938) in 
their ingenious study of cue utilization m judgments of intelligence 
Goodnow’s versions of these faces, varying in height o row, en gt 
of nose, and size of chin, are reproduced in Figure 1 runswi 



and Reiter had found in their study that the feature mos de ern 
tive of whether a schematized face won. be judged 
as one might expect, height of brow t 10 re phcate 

of impressiveness or cue preference. Goo now an( j c j im f or 

exactly the aircraft experiment, substituting r ’ ’ not 

the ancraft features of wing, tad, and Hdier to categorize m 
asked, however, to judge intelligence 11 not .X For one and 
stances into two types, again type A an TT b ,, c k e d out 
two cue instances, different features are si P _ ^ 0 [ cue preference 
Under these conditions, Goodnow n , treate( ] as if they 

overwhelming Brow-height cues are _ e 7 1S yoo 0 or 67 33 

were virtually certain cues whether finally used as a basis 

Length of nose, even when it has 10 v ’ on j„ go* of the time, 
for making the objectively proper i e cue differences in 

somewhat less still when it is a b ^ ar e depicted in 

handlmg these cues over the four 

Figure 11 preference or impressiveness 

It is apparent from these results that P . tho objective 

serves drastically to alter the effect ! 0 P pos e that the more one 
validity of cues We would venture to P P forros rf grouping 
moves toward "real life" categorizations m ^ ^ . nonn , t , 0 nal 
that touch upon everyday adjustmen 
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face to face with the problem of Emdringlichkett — the impressiveness 
or preferential value of different attributes— and its effect upon the 
utilization of cues 

In this task it turns out that the two cues most affected by Eindrtng 
hchkeit are wings and tails the former being overvalued, the latter 
undervalued When wing is a 100 0 cue, for example, it is used as 



a basis of appropriate inference over the range of 120 trials with a 

sTcT y as° , r° Ut 9 ” h ™ tal ' h3S thC S ^ tUS ° f * 0 «■ * 

n rental n f f VaUd Il,deed - ,n the hst block of 20 

presentations of aircraft silhouettes, we find subjects utilizing a 67 33 
iimg cue in the same way as they do a 100 0 {a,l cue This differ- 
entnl utilization of individual cues ,s shoivn graphically in r.gure 9 
The reader mj properly argue with Goodnows interpretahon of 
the difference between wing and tail as due to “impressiveness” or 
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even more “laboratory like” or “meaningless’ R E Goodnow has 
done just this He paralleled exactly the aircraft recognition pro 
cedure with an experiment m which the subject had the task of 
categorizing patterns of lights on the basis of quite indifferent and 
nonpreferential cues In this setting no impressiveness or preferential 
factors could be noted 

Handling Cue Compounds and Cue Conflicts All of the previous 
observations are based on instances in which the subject has before 
him only a single cue, the other two cues in the situation being 
obscured What of the handling of two cues at a hme p Much as 
been said in the classical literature— notably as a result of Helm o tz s 
conceptions— about the “weighing of cues, unconsciously or °jj^r 
wise Among contemporary theorists, it is perhaps Ames ( oo 
Cantril (1950), M Lawrence (1949), and in general the transaction- 
alists who have most emphasized the importance of cue weig mg 
Consider two examples of cue combinations two cue compoun s 
where both a 100 0 cue and a 67 33 cue point to the same identity, 
and two cue conflicts where a 100 0 cue and a 67 3 cue pom 
opposite identities In these instances, identity is always objects ey 
determined by the 100 0 cue , , , _ „ , _ pn 

There is, as we might expect, little discernible di erence 

categorizing with the 100 0 cue alone and categorizing ' 

° - 1I7..U inn n rue 


compounding 100 0 and 67 33 cues 


With the 100 0 cue alone, we 


are so close Jo the ce.hng that there can be little increase in choice of 
the more probable alternative alone and treatment of 


ference between treatment of the 100 0 cue 


:en treatment vi — — c..K./»rfc nr e 

the 100 0 cue combined with a conflicting 67 33 cue ) ■ 

following the lead of the 100 0 cue far less often The data 
presented in Table 8 


TABLE 8 n ^ 

Categorization of Some Coo Compounds and Cue C^ 
Compared With Categorization of a 100 U 

Number of Subjects 


Number oi 

P , cr ' Cent Choices ~ r>7 « IDO 0 Cue With 67 33 

More Probable 100 0 Cue 100 0 Cue W ith Conflicting 

Alternate c Alone Compounding ^ 

50 \- 

5 7 


92-100 

83-91 

75-82 

C5-74 

5S-C5 

49-57 

7-48 


l 

3 

12 
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effects operate Such effects are, indeed, the stuff of which stereo- 
types are made conceptions of relationship and identity that take 
insufficiently into account the actual state of nature The kind of 
‘prejudiced categorizing to which Allport (1954) refers in his book 
on prejudice is in large measure an example of overdependence upon 



FjRure n pir Blocks of trials 

mean per cent of * sinclfr«,l f, ?^! C ^* :e ^ \ n identification of facial types The 
when the cue pointed S to thic ^t*"** 5 P^ a £ et * ,n the more probable category 
was either *U b v ™' h 67 33 or 100 0 validity The cue 

was either height of forehead or length of nose 


determined cnd^ ” Wy Unrel,able cucs for the achievement of over- 

are n aSdby orp^rferemiS"^^^^ ” ' S °° al ’ “'T^a 

test m a direction opposite from ,hl a " nbuteS - ° n \ can S° for , a 

Reiter faces and the aircraft oZ couldT Pam ° n , Brl "T 
Vjne c °nld, for example, take a situation 


• The reader Is referred back to Chapter 4 f nr » A , r .t , , 

preference In conjunctive categorizing wifi, thenfatio mataST" ^ ° ° 
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category as correct half the time, and the other as correct the remain- 
der of the time) The other treatment avoids the problem of ecologi- 
cal validity by not providing knowledge of the identity of the planes 
whenever cue compounds and cue conflicts with two 67 33 cues are 
presented The first of these treatments we turn to immediately, the 


second in a later place 

Take for the moment the case where the compounds have 80 -U 
validity and the conflicts 50 50 validity The most frequent form ot 
response to the compounds is to place them 90% of the time in it t e 
more probable category As for the cue conflicts, they are placed by 
subjects half the time m one category and half the time in t e o er 
There are, however, some special features of the handling ot cue 


conflict that warrant attention 

One notable characteristic of cue conflicts is their e ec ™ 
subjects’ surety When an instance exemplifies sue a c ’ 
Goodnow’s subjects report that there is something unny or 
about it and they seem to be uncertain as to w at to o 
case even though they may not be able to ver a lze „ Un- 
before them are “in conflict” or “point in opposite irec , ic jj 

fortunately, the time required by subjects to eci e 
category such instances should be put was not down „[ 

reports, however, that there appeared to rnnRdence The 

decision time, a usual concomitant of lack o confidence 

observahon of ■•oddness” along with the wcakemng of confidence 
seems to be paralleled in other studies where con g 
characteristic of the person's environment ' ^ Amcs ’ dlJ _ 

example, m commenting on the reaction o p P Brun er and 

torted room, notes that there is a 3ac , v it M951) ha\e 

Postman (1949) and again Postman, Bruner, an rec0 fmition of 

also commented upon tins effect in connection^* the recogn 
environmental incongruities such as a red our ^ a j s0 a factor. 

In cue conflicts, Etndringltchleit or cue pre ^j icts The role 

For it is critical in determining the reso u ion , n t j ie task of 

of preference m cue conflict resolution is es , Je j, row versus 

categorizing faces Tliree kinds of conflic cfiancc, one "ould 

n ose, brow versus chin, and nose versus c nn ^ s j, 0U Id "in out a 
cx P°ot tint if each \\ ere equally c ” t £ n3 „ n( j t jic bro" a third of 
tliud of the time, the nose a third of t c 1 * , 1CS j^mg resohed 

time— u in out in the sense of the co 1 the conflict is 

m favor of a particular cue To sum 1C in f aNO r of nose curs 
resohed in fa\or of brow cues 52% o ,c 7 eg*: D f the conflicts 
2SS of the time, nnd in fnor of dun cues in only - 
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If we analyze the categorizations of such t\vo*cue conflicting 
instances block by block, we find an interesting growth of reliance on 
the 100 0 cue and, concomitantly, a decreased concern with the 
67 33 conflicting cue The mean per cent of categorizations following 
the lead of the 100 0 cue for the 120 trials given the subjects is as 



The conflicting cue is quite clearly affecting reliance on the 100 0 
certainty cue The effect, however, is one that appears to wear off 
with more and more opportunity for testing Perhaps it should be 
made clear again that whenever the 100 0 cue is combined with one 
of 67 33, the 100 0 cue always prevails in fact, 1 e , the experimenter s 
call always follows the 100 0 cue The subject learns over a time 
that he can trust the 100 0 cue even when it is coupled with one 
which, when alone, points in an opposite direction 67% of the time 
There is a nice point to be made here about the psychology of 


contradiction Contradiction of a certainty— particularly in the setting 
of a probabilistic situation where the subject often has in any case 
somewhat shaky confidence m certainty— has the effect of lessening 
confidence still further It is striking to us, moreover, that a large 
number of trials is needed before the subject will fully utilize the 
100 0 cue in the face of conflict In the first three blocks of 30 trials 


each, the period before the subjects attain full confidence m the 
goodness of the 100 0 cue, there are 30 opportunities for them to see 
that whenever a 100 0 cue is present it prevails Contradiction, 
apparently, is resolved only slowly 

What of the cue compounds and conflicts where both cues have 
67 33 validity? In a two cue instance where both 67 33 cues point 
to the same identity, what is to be the ecological validity of the cue 
combination? It can be the case that in fact the cue combination is 


more valid than either cue taken singly, or that it has the same 
predictive value as either of the two cues, or that it is equivalent to 
a 100 0 cue What ecological validity is to be assigned? 

Goodnow presents two treatments of this problem One is to 
assign an ecological validity of 80 20 to the cue compounds (ie, 
giving the more probable category as correct 80% of the time), and 
an ecological validity of 50 50 to the cue conflicts ( i e , giving one 
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ing the occurrence of the validating consequences by which to check 
one’s diagnosis 

An even more striking example of reduced or impaired opportunity 
for validation can be found m daily social life We are constantly 
classifying people in terms of their “type,” into those who ^ are our 
kind” and “not our kind," into the class of those who are reliable 
and those who are not The work of Tagiuri (1952) and others 
indicates, for instance, that people have little trouble in sorting e ow 
group members into “those who like me” and those who on t 
Our opportunities to validate such categorizations and the ases \ve 
use in making judgments are relatively few and far between e 
accept this mtermittence of validation as a feature of social e an 
early come to terms with the poverty of guidance our wor provi 

There are indeed circumstances in daily life where it ecome 
impossible in principle to validate our categorizations “ 
particularly the case where the use of an ultimate e ning * 
must be prevented as a matter of social necessity ew 
has upon its statute books the so called Baumes Law which categonzes 
any criminal as incorrigible who has been convicte our 
armed crime For all criminals who exhibit this defining * 

the sentence is life imprisonment Under tiese cucurn > 

becomes impossible to continue to test the adequacy o n0 

attribute used all exemplars of the category are in jai ' 
longer possible to determine whether they wi re P ea case in 

The McCarran Walter Immigration Act is a more terms of 

Point An “undesirable alien” is elaborate y ® ^ and other 
certam forms of past association, political adequacy of 

attributes There is no way of continuing o anDlicants for 

categorization in terms of such attributes, for t „^he United 

immigration visas are automatically denied a mi n ecs of 

States" This is not the place to examine the « , o 

drastically reduced opportunity for va 1 ahon, > ^ creatlon 

remark that such conditions are usually n P attn b u tes found 
of cultural lags categorizing is fixed on e , (hem in the 

Predictive in the past xv.th no opportunity for cliecung 

What functions are served by validation as far as categorizing is 
concerned? The answer, we think, is fourfold against an 

Having an opportunity to check ones c ]iM( j does mdicale 
ultimate entenon-to see xvhether a mg , fail to etplode- 
mtelhgence or whether a shell with a low u 11 towards error Pat 
may have the effect of making one less casua 
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In short, the preferred cue is chosen as the basis of decision m the 
face of a conflict with other cues of equal objective validity This 
result is nicely in agreement with what we have already observed 
about the effect of Emdringlichkeit or preference, namely that it 
leads to overevaluation of the validity of a cue 
Now finding that subjects respond on a 90 10 basis to two com 
pounding 67 33 cues and on a 50 50 basis to two conflicting 67 33 
cues carries with it a problem of interpretation Does it mean that 
subjects are weighing the evidence of the two cues or does it mean 
that subjects are simply responding to the way the experimenter has 
“weighed* the cues for them and distributed his calls? Suppose we 
look at the treatment of conflicting cues If it were not for the 
experimenter’s following half the time the lead of one cue and half 
the time the lead of the other m naming the identities of the planes, 
would subjects categorize in a 50 50 fashion? Or would they find 
some other way of resolving conflict, such as selecting one of the two 
cues and always following its lead? 

The only way to answer this is to see what individuals will do when 
the experimenter provides no validating identification of a plane 
Tram a subject to the point where he knows the vahdity of each 
67 33 cue singly Then face him for the first time with compounds 
and conflicts combining the same cues Each time he meets such a 
compound or conflict the identity of the plane is withheld from him 
How will he handle them under such circumstances? 

This is the problem of the section that follows 

ON REDUCED OPPORTUNITY TOR VALIDATION 

In considering the problem before us now, we must remind our- 
selves of what is involved in categorizing Categorizing consists of 
anticipating ultimate consequences on the basis of signal attributes 
available to us in advance of the consequences Thus, the whine of 
a shell serxes as a means of predicting whether it will be live or dud, 
the w ings tail, and air scoops of aircraft serve to predict whether the 
plane will be friend or foe, the height of a brow whether a man will 
be intelligent When there is stead) opportunity to check the pre- 
dicts eness of a cue, we maj speak of the catcgonzcr having a full 
opportunity for validating Ins categorizing decisions 

It is often the case that such stcadv opportunity for \ ahdation docs 
not exist Medicine prov idts a neat example in this age of antibiotics 
and "wonder drugs" It is often difficult to v ilidatc diagnostic cues 
that point to a certain disc ut entity if one prescribes such a general 
medication as penicillin, for the medication has the effect of prevent- 
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knowledge of the general frequency with which events will fall into 
one or the other category, knowing for example, that 75% of the events 
fall into one category and 25% into the other Individuals could then 
decide that over a series of trials they would apportion their responses 
between the categories m the 75 25 ratio expected in event occur 
rence Such behavior would constitute event matching rather than 
all-and none behavior 

What bases of decision could subjects then use m categorizing indi- 
vidual instances? It could be a knowledge, not of past stimulus 
events and choice outcomes, but of their own previous responses 
They could place instances in the more likely category trial after trial 
until they felt that it was about time to shift, a point occurring w en 
them apportionment of past responses began to feel out of line wit 
the general ratio they had decided to follow 

Such a tendency to make identical categorizations and then to Stott 
has been noted by Senders and Sowards (1952) and Senders ( ) 

m an experiment where the subject has no knowledge o t le ou com 
°f his categorizations The subjects m their study were given 
°f judging whether a light and a sound had occurre simu an 
or successively The onset of the two stimuli was so close in ti 
the subject was unable to judge One group of _su jec 
that the simultaneous pans would comprise 75% of e pres 
the remainder being successive, another group was given P 
instructions that the ratio of simultaneous to su( * e f siv ° '' ( j, c 
25 75 Here subjects exhibited event matching e avi , t0 
senes, in making individual decisions, they show 
respond to the history of their own responses onnor- 

We have then two possibilities as to what w.11 
tunity for validation is reduced Our general j 0 n an d- 

havior will move away from a problem solving pa succests 

none behavior The work of Senders and Solids (19a-) g? 

•to. an indirect has, for docs, on is found, ■> * “f U 
forestalled We consider now some experiments where pp 
for vahdabon is not fully available , nn( * of the 

An experiment 1» HE Coodnow (195J) b 

'vay categorizing proceeds when the oppor u , presence 

*°ved after the person has become accustomed ^ 

^g aj n Coodnow uses the aircraft silhouettes •“ , n , w l cate- 

*>T0 X and not-X All of lus 60 subjects «cre p of w l|ds 

gormng trials with the erpenmenter scrung coicet ci'cct-* 


tion 


— After each trial lie would announce 
««on was AH Instances in which two 67 33 cues 


(-orah’-usi. 
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more directly, this amounts simply to the fact that where validation is 
possible, so too is error If and only if error has consequences for 
the person will this matter The point is obvious, but it is not trivial 
For concern about error, we contend is a necessary condition for 
evoking problem solving behavior 

It hardly needs saying that a second function of validation is the 
chance it affords to check one’s hypotheses In this sense, it provides 
the means whereby problem solving proceeds 
Validation thirdly, provides a means of score keeping the means 
whereby the present categorization of an event can be guided by the 
outcome of past decisions about similar events This again is an ob- 
vious point yet it needs explicit statement for score keeping provides 
the basis for the regulation of problem solving behavior 
Finally, repeated validabon— the accumulation of scores or norms— 
provides the individual with a basis for assessing how well he is doing 
In this sense, it is a regulator of one’s level of aspiration, it determines 
how much risk one is willing to take, and in a major way sets limits on 
the lands of strategies one is ready to pursue in approaching problems 
of categorizing 

What may be said about probabilistic categorization on the basis of 
the four points just made 9 Reduction of opportunity to validate 
serves, we predict to diminish problem solving activity We are 
using the term problem solving activity in the sense of an attempt to 
eliminate error or at least to decrease the percentage of error in one s 
predictions We would further predict that such reduction in prob 
em so ving activity would lead the person to adopt all and none be 
avior, to make his choice always one of the more probable altema- 
ves one is enabled by reduced opportunity to become more 
casua towar error, then all and none categorizing should become 
more attractive and a certain margin of error will come to be accepted 
s ine\ 1 a e one cannot keep score of the outcomes of past events 
and it one is a so unable to test one's hypotheses, then problem solving 
efforts should likewise decrease Moreover, the inability to keep score 
ma> lead the person to adopt a form of behavior which has at least 
the advantage of keeping error within predictable limits The adop 
tion of all and none behavior performs this service uniquely On all 
hose grounds we would predict that when the opportunity for vnl.da- 
tion is reduced behavior will approximate all and none categorization 
1 a o ier P° SSI * action is there under conditions of no ex 
ema \a i i on The onl) other possibility we cm suggest is that 
people v. I be able to find a neu basis of decision that will sustain 
their problem solv ing efforts This new basis for decision could be a 
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knowledge of the general frequency with which events will fall into 
one or the other category, knowing, for example, that 15% of the events 
fall into one category and 25% into the other Individuals could then 
decide that over a series of trials they would apportion their responses 
between the categories in the 75 25 ratio expected in event-occur- 
rence Such behavior would constitute event matching rather than 
all-and-none behavior 


What bases of decision could subjects then use m categorizing indi- 
vidual instances? It could be a knowledge, not of past stimulus 
events and choice outcomes, but of their own previous responses 
They could place instances in the more likely category trial after trial 
until they felt that it was about time to shift, a point occurring when 
their apportionment of past responses began to feel out of line with 
the general ratio they had decided to follow 
Such a tendency to make identical categorizations and then to shift 
has been noted by Senders and So wards (1952) and Senders (1953) 
in an experiment where the subject has no knowledge of the outcome 
of his categorizations The subjects in their study were given the task 
of judging whether a light and a sound had occurred simultaneously 
or successively The onset of the two stimuli was so close m time that 
the subject was unable to judge One group of subjects was told 
that the simultaneous pairs would comprise 75% of the presentations, 
the remainder being successive, another group was given opposite 
instructions that the ratio of simultaneous to successive was to be 
25 75 Here subjects exhibited event matching behavior over the 
senes, in making individual decisions, they showed a tendency to 
respond to the history of their own responses 
We have then two possibilities as to what will happen when oppor- 
tunity for validation is reduced Our general prediction is that be- 
havior will move away from a problem solving pattern toward all and- 
none behavior The work of Senders and Sowards (1952) suggests 
that, if an indirect basis for decision is found, this tendency will be 
forestalled We consider now some experiment s where opportunity 


for validation is not fully available , , 

An experiment by B E Goodnow (19o4) provides one test of the 
way categorizing proceeds when the opportunity for validation is re 
moved after the person has become accustomed to .6 prince 
U duct U r qir nr'i(f silhouettes to be categorized into 

gain Goodnow uses subiects were given 84 initial cate- 

type X and not-X All of his M „ g e 50[OTe , alMa . 

gonzmg trials with ^ir^ould announce what the correct catcgon. 
bon After each trial , i two 67 33 cues were combfned, 

zation was All instances m which wo o, 
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more directly, this amounts simply to the fact that where validation is 
possible, so too is error. If and only if error has consequences for 
the person will this matter. The point is obvious, but it is not trivial. 
For concern about error, we contend, is a necessary condition for 
evoking problem-solving behavior. 

It hardly needs saying that a second function of validation is the 
chance it affords to check ones hypotheses. In this sense, it provides 
the means whereby problem-solving proceeds. 

Validation, thirdly, provides a means of score-keeping: the means 
whereby the present categorization of an event can be guided by the 
outcome of past decisions about similar events. This again is an ob- 
vious point, yet it needs explicit statement for score-keeping provides 
the basis for the regulation of problem-solving behavior. 

Finally, repeated validation— the accumulation of scores or norms— 
provides the individual with a basis for assessing how well he is doing. 
In this sense, it is a regulator of one’s level of aspiration, it determines 
how much risk one is willing to take, and in a major way sets limits on 
the kinds of strategies one is ready to pursue in approaching problems 
of categorizing. 

What may be said about probabilistic categorization on the basis of 
the four points just made? Reduction of opportunity to validate 
serves, we predict, to diminish problem-solving activity. We are 
using the term “problem-solving activity” in the sense of an attempt to 
e i ruinate error, or at least to decrease the percentage of error in one’s 
predictions. We would further predict that such reduction in prob- 
em so ving activity would lead the person to adopt all-and-none be- 
avior, to make his choice always one of the more probable alterna- 
ves. one is enabled by reduced opportunity to become more 
casual toward error, then all-and-none categorizing should become 
more attractive and a certain margin of error will come to be accepted 
as inevitable. If one cannot keep score of the outcomes of past events 


and if one is also unable to 


test one’s hypotheses, then problem-solving 


efforts should likewise decrease. Moreover, the inability to keep score 
may lead the person to adopt a form of behavior which has at least 
the advantage of keeping error within predictable limits. The adop- 
tion of all-and-none behavior performs this service uniquely. On all 
icse groun s, we would predict that when the opportunity for valida- 
tion is reduced behavior will approximate all-and-none categorization. 

What other possibility of action is there under conditions of no ex- 
erna va i a ion. e only other possibility we can suggest is that 
people will be able to find a new basis of decision that will sustain 
their problem-solving efforts. This new basis for decision could be a 
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more probable alternative with, if anything, a slight increase in prefer- 
ence as the series is extended 

Consider now the manner in which cue conflicts are handled by the 
y a 1 a ^ 10n an d no validation groups Where two cues conflict, what 
orm can all-and-none behavior take 55 There is no question of choos- 
ln g t e more probable category, for both are equally probable Will 
a su ject select one of the two conflicting cues and always follow its 
ea Or what? AH told, there are three ways in which subjects 
seem to proceed m dealing with cue conflicts 

0 50 Response. Here the subject follows the lead of one cue half 
e time, the other half the time What results is an equal division of 
P acements m the two categories In essence, the subject is not 
ma mg up his mind, switching from one cue to the other impartially 
, ^ lxe d Response. This is as if the subject were to say ‘ Whenever 
e plane has a delta wing, it is always an X, but when it has a swept- 
, ac Win g, it is sometimes X and sometimes not X ” The subject is 
r( -a mg up the two values of the attribute and responding to them 
ln e P en dently and differently one value on a 100 0 basis, the other 
a ^ ^0 basis What results is a placement of cue conflicts some- 
where between 50 50 and 100 0, usually around 75 % of the time into 
me more .. 


— w.. C cu ju ou ana iuu u, usuauy arounu to* w 

W° re favored category 

Al land-None Response. Here the subject follows the lead of one 
the two cues and disregards the evidence of the other ^ Delta- 
wTi; P^ anes * for example, are always placed in category X, planes 
1 swept back wings always m not-X The nature of the other con 
meting cue ts o 7 


, '"g Cue is ignored ° . 

v-i , e a sharp contrast m the forms of response with and wit 10U 
Ration With it, the 50 50 response prevails and the all and none 
res Ponsf> ,e — , r . Without It, the dominant rc 


^ponse is almost completely absent wiinoui «, w.v — ■ - 
^ nse ls all and none and the 50 50 response occurs relative!) sc 
e results are presented graphically in Figure 12 j 

thr n th ‘ S e ’'P er ‘ment of Goodnows, validation is first asaih 
tion removef f There is another way in which opportunity or 
t„ 1 l Can be reduced It is a reduction of validation that is, i I } ^ 

cation’"', ! cate g orl21n g situation Imagine a prPC Iude 

the „ , an instance as belonging in one entegor) d t f ;t - 

Oteno SSlblllty tllat 11 ma y aIs0 be,on g ln ar,otIie2 n«e. and 

of faces on die basis of brou Iicght Jeng.h of x 

— £^of chin The task is to place these faces into tv oc . 

* ~r- — . f i r n the 5 ° > 

we include 50 50 and 60 -10 flW l ue ?£ I u»rf* 

Jo an j j^| C q a h an d none response includes response 
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either in a compounding or a conflicting manner, were omitted from 
this training series 

After the training trials, half the subjects were moved on without 
any interruption to 36 additional trials in which cue compounds and 
cue conflicts involving two 67 33 cues were presented Validation 
was provided as before, on an 80 20 basis for the cue compounds, and 
on a 50 50 basis for the cue conflicts 
The other half of the subjects were given presentations of aircraft in 
all respects identical to the group just described, the only and major 
difference being that after the original training trials they were pro 
vided with no further opportunity for validation At the end of the 
training trials, the experimenter informed them that they “seemed to 
be doing pretty well and that he would no longer announce the cor- 
rect answer after each presentation 
Consider first the manner in which the two groups handled the cue 
compounds We would expect the subjects who had no further op- 
portunity for validation to treat a compound more in the manner of a 
certainty choosing the more likely category closer to 100% of the 
time The group with continued validation should on the other hand 
show a more marked tendency to distribute their categorizations in a 
manner akin to event matching 

The results are instructive Of the subjects who operated without 
benefit of validation 


57% categorized the compounds in an absolutely all and none manner, 
and another 

-0% categorized the compounds in the more likely category between 
95% and 100% of the time 

Of the subjects who continued to receive validation 

305E categorized the compounds in an all and none manner, while 
categorized the compounds in the more likely category between 
9oJ and 100* of the time 3 b 3 

Thus in the no-validation condition, 77* of the subjects approached 
a an none e avior, as against 50* in the validation procedure 

is m cresting to note that this approximation to all-and-none be 
havior under conditions of no validation lasts over a long series of 
tnals In an extension of Coodnows experiment, we have given sub- 
jec s ,2 rather than 36 trials with no validation • Over four blocks 
of trials, each containing 10 two cue compounding instances, the mean 
percentage of choices of the more probable category was 90*, 90T, 92*. 
ami 97-5*— a s teady maintenance of almost complete preference for the 

• Mr Donald D O Dowd assisted in the execution of this espciimcnt 
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mutually exclusive is clear Behavior moves closer to the all and none 
pattern, and away from event matching It seems more than reason 
able that the conditions of reduced information and reduced validation 
lead individuals to abandon a problem solving approach with its hope 
of eventual eli min ation of error and to adopt instead the policy of 
keeping error within as predictable bounds as possible 

In sum, if we go back to our original question, How do individuals 
categorize when there is reduced opportunity for validation?” the 
answer seems to be this They abandon efforts to reduce or com- 
pletely eliminate error and attempt instead to keep it within tolerable 
limits 

We are shll left, however, with some questions Why do not all 
subjects respond to the lack of validation wit h all and none cate 
gonzing? And, moreover, why is it that we so often find an approxi- 
mation to all and none behavior rather than an exact form of it? 

We suggest that there ma> be tv o responsible factors here One is 
an abhorrence of monotony to make the same response again an 
again when this is one's only activity is for many people simply bonng 
It becomes bearable only when the individual is able to vary his be- 


havior by some means other than the making of categorization re 
sponses Suppose a person has the task of choosing one of two key's 


withthe objective of ^dieting which one wall pay off-essentially a 


wiiu uie oo erove ux i/ikuk-iwc, - #r 

“cueless” categorizing task He learns m ^an/ucme 


far more often than the other If he is to perform in an : 
manner, he vv ill hav e to press the same key time and again For some 
subjects, this seems to be possible only « en ey ran imen 


other "game” with which to keep themselv es “interested”^ to UM« 


otner game wtn wwcn w ^ , , MO - t c ,.i, 

term often reported by fhOtte JucL the key. 


verm otten reported Dy uicm; — - — j j . , , t 

jects for example, vaned the ‘ , nM „ M j that Uie> 


vanea uie . . , 

another varied the hand he used Both jubjectsrnsrshrf that they 


another varied the hand ne ujcu , _ • n a »w 

knew then" variations were makmg no difference . . pay oCUmt that 

SSSTSifc 5^* *2 2- of 


and the greater challenge , j , s continuing concern 

The second responsible factor is <flJ ftha, one 

with improving his performance and a(x ^2 t a incvila blc a 

wall categorize in an all and none ’ ,j„ 3 „ there to believe 

certain margin of error But the .T£,, rarth while to risk the chance 
that one can do better, that it won possibly doing a little 

of making a few more mistakes for the sate or P°j > M ; 

better Every error one experiences 'l^^de especiaD, 

The reactivation is particularly strong when error is m. d 1 - 
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mutually exclusive is clear. Behavior moves closer to the all-and-none 
pattern, and away from event matching. It seems more than reason- 
able that the conditions of reduced information and reduced validation 
lead individuals to abandon a problem-solving approach with its hope 
of eventual elimination of error and to adopt instead the policy of 
keeping error within as predictable bounds as possible. 

In sum, if we go back to our original question, How do individuals 
categorize when there is reduced opportunity for validation? the 
answer seems to be this. They abandon efforts to reduce or com- 
pletely eliminate error and attempt instead to keep it within tolerable 
limits. ,, 

We are still left, however, with some questions. Why do not all 
subjects respond to the lack of validation with all-and-none cate- 
gorizing? And, moreover, why is it that we so often find an approxi- 
mation to all-and-none behavior rather than an exact fonn 0 lf 
We suggest that there may be two responsible factors here. One is 
an abhorrence of monotony: to make the same response again an 
again when this is one's only activity is for many people simply boring. 
It becomes bearable only when the individual is able to vary his b - 
havior by some means other than the making of categorization re- 
sponses. Suppose a person has the task of choosing one ° 
with the objective of predicting which one will pay off-essenua 
‘cueless” categorizing task. He learns in time that one y ) 
far more often than the other. If be is to perform m an aH-and-none 
manner, he will have to press the same key tune and again For some 
subjects, this seems to be possible only when they ^n .nvcnt «.me 
other “game" with which to keep themselves mteres <£° ' 
term often reported by them). One of J. J. Good"OWS (Ifcoa) sub 

jects, for example, varied the P^ure 0 ** u btects insisted that they 
another varied the hand he used. J b ut 

knew their variations were making no 1 er ®. , j^ ave jj Cen a ble 
without the diversion of such “games hey n(y of pay0 £f 

to resist risking a bet on tne hey 

and the greater cbaHenge individuals continuing concern 

The second responsible facto rc i ative ly easy to say that one 

with improving his performance. accept as inevitable a 

Win categorize in an there to believe 

certain margin of error. But t P w hf|c to risk the chance 

that one enn do better, that ‘Jp^Ibly doing a little 

of making a few more * to reactive this belief, 

better. Every error one exp hcn erTOr (s ma dc especially 

The reactivation is particularly strong 
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vivid by a restriction of ones activity to this one categorizing task or 
by the feeling that one is expected to try to do “one’s best ” 

In conclusion, we must remain with our admittedly simplified gen- 
eralization reduced opportunity for validation leads towards that 
departure from problem-solving that we call the all-and-none response 
The conclusion must remain m this simple form, for research on be- 
havior with reduced opportunity for validation has barely begun 
There are, for example, no studies on the effect of intermittent valida- 
tion or of ambiguous validation All that can be said, finally, is that 
the problem is a critical one m understanding the handling of proba- 
bilistic cues 


ON EXPECTED OUTCOMES 

Each categorizing decision has consequences for the individual 
Moreover, one learns to expect certain consequences in categorizing, 
and behavior is adjusted to fit these expectations In the pages that 
follow, we shall be concerned with the nature and effect of expected 
outcomes when an individual must establish identity on the basis of 
probable cues and consequences have to be estimated 
Consider first the “accuracy” and “sentry” matrices discussed m 
Chapter 3 In the accuracy matrix, the values of making successful 
and unsuccessful placements in either of two categories are the same, 
w latcver the category chosen Correct placement m one category is 
as gooc as correct placement in the other Incorrect placement in one 
category is as negative in value as incorrect placement in the other 
This is a standard matrix in psychophysical experiments When it 
governs categorizing decisions, we expect that placement in one cate- 
i nt f t i Cr W1 ^ corres P on d to the individual s estimate of the 
likelihood of the instance belonging to a particular category 
,, ? ur e ^ cr ) y categorizations, however, it frequently happens 
n ic \a ties o correct and incorrect categorizations are different 
depending upon the alternative chosen Tins is the case, for example, 
", t lC J ndl ' ldul1 cate S onze s under the conditions of the sentry 
matrix The sentry is faced auth the task of identifa mg an oncoming 
figure as friend or foe If he calls ,t friend and is wrong his death 
m i} result If he calls it foe and is wrong, at least his life has not 
been endangered The two errors have different negative aalues 
o oo e mo \\a)s of being correct identifying an oncoming foe 
ccn-cc'U h-is more crucial consequences linn identifying n friend cor- 
rcctls All ,n nil, tlic curds arc slacked toss ard identifying an oneorn- 
mg figure as a foe ' ° 

An unpublished studs bs Bruner, Potter, and Bartholomess serves to 
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compare categorizing under accuracy and sentry payoffs Subjects 
were set the task of judging whether a rapidly projected field of dots 
contained or did not contain a certain number of dots The dots were 


arranged at random on the field and any given field contained a num- 
ber from 20 to 30 dots Equal numbers of each kind of field were pre- 
sented to the subject m a prearranged random order The field was 
exposed for 0 10 second Sixty undergraduate men served as subjects 
A third of them had the task of discriminating the dot fields containing 
"20 dots” from all others, another third discriminated “25 dots' from 
all others, and the remainder had the job of disci iminatmg the ‘30s 
from the "non-30’s” Half the subjects in each condition operated 
under an accuracy matrix, the other half under a sentry matrix Be- 
cause instructions are so important in this type of experiment, it is 
worth reproducing the instructions given at the outset to each of t e 
groups which were set to discriminate 25 s fiom non 25 s 

To the accuracy group, the following account was given of the 
rationale of the experiment 


This is an experiment on radar observation that we are doing for the 
Office of Naxal Research We are going to flash sets of dots on the 
screen before you for a brief period Your task is that of a radar oh 
server Your job is to spot whether the flashes contain 25 dots or do 
not contain 25 dots Let me tell you more about your job It is ex 
tremely important to spot the 25's from the non 25 s The 25 s are 
enemy observation planes and the non 25 s are your own planes It 
would be good to spot a 25 but it would be poor business to mistake 
a non 25 for it and shoot down one of your own planes You want 
to keep the observation planes fiom getting through, but you dor t 
want to knock down your own people So lie sure to dut.ngmsh te 
tween the two Remember your job is to distinguish the 2os from 


the non 25 s 

The subjects who had to work under the sentry payoff matrix were 
given the following instructions 

the screen betee you for a b P contoinlng 25 dots Let me 
ob erver Your job is to i spot e „ treme j y impOTta „t not to Jet a 

tejl you more about your ■ >“ ' on of a se „Vry 25's on the screen 

2o get by You ”l”fan CTcmv aircraft If you fail to spot a 25 
indicate the appr bomber gets through for a bombing run So 

>' means that an enemy bomb™ gets J! ^ ^ ^ 
be sure not to miss tne -os uuii 
you’re a sentry ind your job is to spot the -5 

'ru were then shown a slide with 20 dots on it Tins was 

delcnbed is the minimum number they would encounter, though they 
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were not told the actual number of dots contained Subjects were 
next shown a slide containing the maximum number (30), and one 
containing the midmost number (25) These three points served as 
anchors for them in their judgments The subjects had the task of 
marking a plus on a score sheet when they thought the appropriate 
number (20, 25, or 30 dependent upon instruction) had appeared and 
a minus when they thought the number of dots was not appropriate 
What we are concerned with is the nature of categorizing under 
these two sets of instructions which create such different payoff ex- 
pectancies in our subjects The first and simplest question we may 
ask is about the number of objects that are included within the target 
category, be it 20, 25, or 30 dots We compare the number of stimuli, 
regardless of their characteristics, that subjects were willing to include 
m their target or “enemy’ category Each subject received 220 
stimulus presentations The percentage of these placed in the 
"enemy category by the six groups of subjects is as follows 

PerCent “Enemy” Categorizations 


Target 

20 25 30 


Accuracy payoff 29% 32% 21% 

Sentry payoff 37% 37% 32% 

Clearly, then the sentry matrix increases the frequency of “enemy 
decisions Furthermore, the closer in similarity a stimulus is to the 
target that is to be identified, the greater the differential effect of the 
two matrices This is clearly shown in Figure 13, where the results 
for calls of 20 and 30 are presented 
Now ''hat is left unansu ered by the experiment on ‘ radar observa- 
tion is the question of probability estimates The subjects in this ex- 
periment "ere operating with the rough assumption that different 
stimuli would occur w ith equal frequency, or at least that there would 
be an equal number of “maximum; ‘middling,” and “minimum” dot 
patterns The consequences essentially bring about a different utili- 
zation of these estimates in actual performance It might be the bet- 
er part o "is om, however, to look at these estimates more closely 
n particular, one must ask Are probability estimates indeed inde- 
pendent of the dcsirabihtv of outcomes 9 
Rose Marks (1951) has performed an intriguing experiment that 
relates to this problem Her subjects were children in fifth and sixth 
grades of primary school The children were shown the cards con- 
tained in a deck, some of them blank, some of them with pictures 
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Their task was to predict when a picture card would occur. The 
decks were set up in such a way that, for different groups, different 
percentages of picture cards were present in a deck: 10, 30, 50, 70, 
and 90% respectively. For some of the children, the appearance of a 
picture card meant “winning a point,” for others it meant “losing a 
point.” Predicting or not predicting a picture card correctly did not 
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were not told the actual number of dots contained Subjects were 
next shown a slide containing the maximum number (30), and one 
containing the midmost number (25) These three points served as 
anchors for them in their judgments The subjects had the task of 
marking a plus on a score sheet when they thought the appropriate 
number (20, 25, or 30 dependent upon instruction) had appeared and 
a minus when they thought the number of dots was not appropriate 
What we are concerned with is the nature of categorizing under 
these two sets of instructions which create such different payoff ex- 
pectancies m our subjects The first and simplest question we may 
ask is about the number of objects that are included within the target 
category, be it 20, 25, or 30 dots We compare the number of stimuli, 
regardless of their characteristics, that subjects were willing to include 
in their target or “enemy” category Each subject received 220 
stimulus presentations The percentage of these placed in the 
"enemy” category by the six groups of subjects is as follows 

PerCent “Enemy” Categorizations 


Target 

20 25 30 


Accuracj pajoff 29% 32% 21% 

Sentrj pajoff 37% 37% 32% 

Clearly, then the sentry matrix increases the frequency of “enemy 
decisions Furthermore, the closer in similarity a stimulus is to the 
target that is to be identified, the greater the differential effect of the 
h\o matrices This is clearly shown in Figure 13, where the results 
for calls of 20 and “30 are presented 
Now what is left unanswered by the experiment on “radar observa- 
tion is the question of probability estimates The subjects in this ex- 
periment were operating with the rough assumption that different 
stimuli would occur with equal frequency, or at least that there would 
>c an equal number of “maximum ,” "middling ” and “minimum” dot 
patterns The consequences cssentiall) bring about a different utili- 
zation of these estimates in actual performance It might be the bet- 
ter part of wisdom, howexer, to look at these estimates more closcl) 
In particular, one must ask Are probibiht) estimates indeed inde- 
pendent of the dcsirabihtx of outcomes* 

Hose Marks (lfbl) Ins performed an intriguing experiment tint 
relates to this problem Her subjects were children in fifth and sixth 
grades of prim in school The children were shown the* cards con- 
tained in a deck, some of them blank, some of them with pictures 
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Their task was to predict when a picture card would occur The 
decks were set up in such a way that, for different groups, different 
percentages of picture cards were present in a deck 10, 30, 50, 70, 
and 90% respectively For some of the children, the appearance of a 
picture card meant “winning a point,” for others it meant “losing a 
point ” Predicting or not predicting a picture card correctly did not 



Figure 13 Cumulative per cent of dot pattern stimuli called “20” and “30“ by 
subjects operating under sentry and accuracy payoff matrices 

affect tlus fact one lost or gamed, depending upon the card which 
was turned up, regardless of the correctness of prediction In sum, 
a picture outcome represented something desirable for one group, 
undesirable for the other 

The results of the experiment were quite clear and consistent 
Children for whom picture cards were undesirable predicted them less 
often than these actual!) occurred Tims, when picture cards had 
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an objective probability of occurrence of 0 9, children predicted their 
occurrence only half the time, for the probability of 0 7, the propor- 
tion of picture predictions amounted to a third of their calls, etc 
Among the children for whom picture cards meant winning a point, 
the results were quite the reverse The proportion of their picture 
predictions always exceeded the probability of the occurrence of a 
picture Similar results were obtained by Irwin (1953) in a replica- 
tion of Marks’ experiment with college students 
In short, the estimates of probability that a subject develops in a 
categorizing task may well depend to some degree on the nature of 
the outcomes foreseen They may also, of course, vary with our 
need to justify the action we take on the basis of an estimate, as when 
we take extreme action to guard against a relatively unlikely disaster 
and then convince ourselves that the disaster is not so unlikely after 
all Nonetheless, we consider it of prime importance to investigate 
within the limits of such confounding the manner in which probability 
estimates interact with the nature of a payoff matrix in determining 
a categorizing response 

In line with this decision we now ask does the nature of the payoff 
matrix affect not only the extent to which the individual places events 
m one category or another but also the manner in which he arrives 
at his final level of performance? Consider a situation where errors 
count as compared with one in which errors do not The latter is 
a m *° P r °§ ressive nur sery school where one is permissive toward 
error e ormer is familiar enough In a permissive situation, we 
wou expect individuals to adopt and persist in an exploratory ap- 
proac , trying out any cue that might appear relevant Where error 
t ? conse quence, one would expect not only less of such exploratory 
lor u a so an earlier abandonment of it where it does appear 
. , , , 15 pr0Vlded by an experiment of Mosteller, Bush, 

IJJi. .7 (reported in Bush and Mosteller, 1955) The 

, hlv j t0 decide whether to bet on the nght or the left key of 

J ln ^ e w°e Half the subjects operate under a "pay-to-play" 
lf lhe y choose ‘he correct key, they win a sum, if not, 
more hpn a r ^ ^ ave bet The other half operate under a 

e benign play free arrangement choice of the correct key leads 
1D ? a SU1 ?’ c b°ice of the wrong key means simply not wm- 
t ^ c *?i P a y* to phy’ subjects move toward exclusive 

choice of the key with the higher frequency of payoff Exploration 
of the pi>off possibilities of the less favorable key dies out both more 
quickly and more completely tlnn among those subjects to whom loss 
is of lesser consequence ' 
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Determining Outcome Value. Having considered some specific ex- 
amples of how outcome values and likelihood estimates affect cate- 
gorizing with partially valid cues, we may now turn to the more 
general problem What is meant by the “value of an outcome ? 
How can value be stated? What are the criteria which individuals 
use in assigning some degree of value to a particular outcome? 

Let us start with this last question the criteria which he behind 
the assignment of value We are by no means alone in facing this 
problem It is a crucial one m economic theories of choice under 
risk or uncertainty conditions, and we can profit from a brief look at 
the way in which economists have tackled the problem The early 
assumption that “value” means “money profits has often been as- 
sailed, as has been the tendency to postulate ‘ nonpecuniary profits 
or “net satisfactions” or “tastes of consumers” to account for the fact 
that frequently people do not act as they would if their sole concern 
were with profit-maximization (cf Walker, 1946, Stigler, 1950, 
Katona, 1953) On the one hand there is the argument that econ- 
omists should consider a variety of forms of value On the other 
hand there is the vital consideration stressed by Walker (1946), 
namely that “the maximum principle is not susceptible o 
measurement unless it is cast in a form which specifies what is maxi- 


mized” (p 73) 

As a way out of this problem, it has been suggested that different 
specified criteria for determining value can be considered as operat- 
ing at different specified tunes For example, Hayes (19o0) has 
suggested some differences in the criteria that are used for determin- 
ing “value” in boom times and times of depression, Katona has sug- 
gested ordering different “motivational patterns, wit striving 
high immediate profits at one extreme of the sea e [an • 
at the other extreme the striving for prestige or power . 

P 114) Questions about value can then be asked in these terms 
"Under what kinds of business conditions will motivational pa 
tend to conform with one or the other end of the scale (tot ) 
Katona states that “preliminary studies indicate that * e "5™ 
business situation is, the more frequent the striving or S 
diate profits, and the better the business situation is, the more frequent 
is striving for non pecuniary goals (ibid ) 

While we agree that the general idea of relating different specdic 
forms of value or consequence to particular kin ‘ ac [, ]evc d 

promising one, we would like to stress that any oi g 

.3 likely S to be rather discrete ,f one limits oneseUto ' 

studies and to a listing of different business conditions or judgment 
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situations The advantage of more formal theory is that it focusses 
upon the common and essential features of certain kinds of situations, 
suggesting those underlying features which enable us to explain why 
the same judgment tendencies appear in situations which seem on 
the face of things different from one another 
One such general feature is the relation between the outcome of a 
single choice and the nature of the final outcome In Chapter 3, 
much was made of the fact that categorizing behavior can be consid- 
ered as a series of sequentially related decisions designed to obtain 
information and to reach other objectives where feasible In such 
a series of related decisions each step in performance, or each tenta- 
tive placement in a category, has a consequence and the series of steps 
or categorizations also has a consequence We regard it as essential 
to analyze the relation between the outcome of an individual decision 
and the final outcome that constitutes success as a whole if one is to 
talk reasonably about the effect of outcome values on categorizing or 
indeed about the value of an outcome 
Von Neumann and Morgenstern (1944) have stressed most explic- 
itly that the effect of a single loss risked or sustained must be 
considered as relative to the total outcome, and that strategies will 
vary to take account of differences in the relationships between single 
outcomes and final outcomes On a more day-to day level, we are all 
familiar with the well worn phrase of military commentators to the 
eitect that one can lose many battles and still win a war We are 
cqua y amiliar with the difference between hunters who can hunt 
eer several times during a season and those who have one and only 
one opportunity to hunt 

There are at least three basic questions to be asked about the 
relahon between final and proximal consequences 

i What is the desired final outcome? Is it 100* success (correct 
categorization on every trial) or something less than 100* success? 
If it is less than 100* success, is the aim still one of doing better than 
ne would by chance or by making no effort at all? A prison warden, 
for instance, may regard himself as successful if he can predict on the 
basis of whatever prognostic cues are available that one out of four 
f w C l' Vl11 make a suc cessful adjustment “outside,” con- 

3 tf Ut some e ® ort in selecting cases his score might 
well be zero out of four ° a 

R 2 , 3 ® nal ou ‘“ me computed? Are errors counted in the 

na a y s i possible for an occasional ‘ big win,” especially 
towards die end of the game, to erase the significance of previous 
errors? This is possible in gambling, where one can recoup It is 
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also characteristic of problem-solving For example, final discovery 
of the etiology of cancer may well make insignificant ones previously 
negative results 

3 When is the final outcome computed^ Is the game or task over 
when, for instance, one has made five errors m a row and has ex- 
hausted either one’s resources or the goodwill of some sponsoring 
Foundation? Or is one promised a definite number of tries, with 
the outcome to be computed only when the series is completely over? 
In the academic world, for example, there is a world of difference 
between an outright 5-year research grant and a I-year grant wit 
the possibility of renewal 

Now psychologists may feel that such notions are of little relevance 
to the kind of judgment situations with which they usually deal In 
fact, however, the distinctions between smgle outcomes and final 
outcomes can increase considerably our understanding o t le ami lar 
“problem-solving situation ” As we remarked earlier, ones expec a 
tion about the nature of the task is a critical determinant of prob - 
solving behavior Does the person see the task as one m wh 
unique solution is possible, as a ‘ real problem r 1S e 
as one in which, no matter how hard one tries one is stdl ^subject £ 
the vagaries of chance? J J Goodnow (1955a) as in ™Ii®h n e task 
differences in behavior in two matched tasks one a g 8 
and the other a multiattnbute categorizing task presented 
exercise m problem-solving Her analysis is apropos 

A problem-solving task seems to have the following feature 

“A The desired final outcome ,s im e ve”ma[ 

solving the problem so that one can p 

Anything less than this is not really success rnun t of wins and 

B T1 fe final outcome ,s the end makes un- 

losses On the contrary, finding s afford errors w h,le 

important all previous errors In this sense, a 

searching for the correct principle ^ dbtrlbull0 ns should not 

C Under such conditions, 10 . 100 0 c l 101C e-distributions 

occur In a 70 30 situation th/time and this cannot be con 

allow one to be correct only 7 _ jj y t h e only kind of choice 

sidered as solving a problem g /> ^ e tnal is one which 
distribution which allows one choice distribution m a 70 30 

SS'Tb olo"' tStaST- a 90 10 case, and so on" (p 107, 

,n contrast, the gambling task " fl£K 0ne 

"A The desired final to how to van on ciciy trial 

can be successful without nosing B cub, ^ trlnJ cnd 

B The final outcome Is dele s0 that a sun at the end cannot 

losses The task can casilj be set f 
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wipe out previous losses All tint tins involves is the restriction of 
having the same amount of money invoked m each bet and each 
payoff In this sense, there are limits placed on the extent to which 
S can afford losses 

C Under such conditions, choice distributions should tend to be of 
the 100 0 type In a 70 30 case, for example*, a 100 0 choice dis- 
tribution will allow one to win on 70S? of one’s bets and this can easily 
be regarded as success’ " (pp 107-8) 


In practice, Goodnow finds that behavior does indeed conform to 
these predictions when subjects operate with gambling and problem- 
solving orientations Where they appear to be diverging from these 
expected patterns, what usually has happened is that the subject 
interprets what has been presented as a gambling task to be “really” 
a problem task, or vice versa 

Scaling Probability Estimates and Outcome Values Throughout 
the preceding discussion we have deliberate!) skirted the problem of 
whether and how subjective values and probability estimates can be 
stated in numerical terms In general, there is agreement among 
oth economists and psychologists that the construction of formal 
t eory and the making of precise predictions about decisions in 
uncertainty situations rest upon the development of satisfactory 
scales tor both subjective values and probability estimates The 
source tor such scales is commonly the pattern of preferences and 
VI er ® n< : es s lown by an individual in choosing between alternatives 
i 10 c ° T con f tmctm g utility curves or scales for the subjective 
_L t Ve k Gen d,scusse d by Von Neumann and Morgen 

and Nncr \ iaVe ^ been used experimentally (cf Mosteller 

nrobihif Methods for deriving and scaling an individual’s 

more rrr / haVe been dlscu ssed by Ramsey (1926) and 
more recently by Savage (1954) 3 

an ^ constructlon °f such scales is by no means 

Dsvchoip.^ tl E 1954) ’ and raises some very interesting 

? ne , oi these has alread ^ bee " dlSCUSS6d ’ 
2? f r. m Wblch Value 15 to ^ stated whether money or 

Another is the t ob ) ectlveS 

r b " a se : ° f ~ 

shot a friend but rn ^ j”? eS S / lcb as aIlve » regretful at having 

immediately become intuited thous ^ t of dut y fuimIed >" we 

nre wpicrh^d -m/l u , , m knowing how these various critena 
and a*lv„„e ^ ^ by “ A thud problem, 

Wcn^Xr nf n ^ qUeSll0n ° f wh:lt happens when there is a 
large number of possible outcomes to each of a number of alternative 
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actions We have, for example, simplified our sentry’s situation by 
assuming that he regards himself as a perfect marksman and that he 
expects any man he shoots at to be a 'dead duck’ What if the 
outcomes were more complicated than this? The sentry might have 
to entertain a whole array of possible consequences, combinations of 
firing or not firing, missing or not missing, wounding or killing, being 
found out by Captain X rather than Captain Y, being able or unable 
to fire a second shot m time if he waits or if the first shot misses 
For situations such as these, Shackle (1949) provides an interesting 
argument “In order to assess the merits of any given course of 
action, a man must find some way of reducing the great array o 
hypotheses about the relevant consequences of this course to 
some compact and vivid statement (p 14) This reduction, ie 
argues, is based partly on a desire for stability and also on the fact 
that the keenness of anticipation becomes dissipated when spread 
over too many alternatives These considerations lead Shackle to the 
construction of "focus-outcomes,” focus points which represen o e 
individual what he "stands to lose” and "what he stands to win 


given a certain course of action 

We have limited ourselves severely in this description of some 
economic models for the making of choices, particu ar y m respec 
the more formal properties of such models For our P ur P° se » 
have preferred to concentrate on psychological considerations 
do not wish thereby to decry the value of formal models Theyare 
immensely stimulating to research They o er a gu p 

mentation And the/ sharpen the search for variable, thatmmt.be 
taken into account if a model is to fit more c ose y ‘ ■ j j 

individuals in fact make dec.s.ons and allocate choices Our 
strategies” are offered in much the same spirit 


TWO NEGLECTED VARIABLES 
Thus far, the large prob.ems 

chapter are four the nature and aval ? tas ^ t ] ie opportunity 
categorizing, the individuals conog ■ ion ^ ^ conscqlienC es 

to validate ones use of cues, and t y ^ mass ne topics, and 
of categorization affect cue usage t|lcm At feast tvvo 

we have made only a beginning in T |, c /j rst lias to 

problems of equal magnitude Ten ™! n “ . s usc 0 f cues and hovv 

do with the role and nature of confidcnc helm , or The 

this admittedly “subjective” factor a ce 8 individual abstains 

second relates to the conditions under " men. 
from categorizing We consider eacli in ) 
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“Confidence” is essentially the degree of surcncss a person feels in 
making a categorization It comprises two elements The first is 
the confidence an individual reports in making a specific identification 
of something as being a member of a certain class, that a particular 
man, for example, is honest There is also a more extended meaning 
of confidence It is the degree of confidence one has in one’s estimate 
of the general validity of a cue How much confidence can one 
place in the estimate that a “straightforward regard” is a cue of 
better-than chance validity m judging honesty, or that “shifty eyes” 
have only chance validity in judging dishonesty? 

The first of these phenomena— confidence in a specific judgment— is 
not our principal concern here There is a considerable body of 
research on judgmental confidence under psychophysical conditions 
Its relationship to the validity of cues, its effect on time spent in 
making decisions, its alteration following success or failure, these and 
*°P 1CS have been fairly well studied, eg, Cartwright (1941a, 
(1943)* FeStm ^ er ( * 943a, 1943b), and Cartwright and Festinger 

What are the determinants of general confidence m a cue? Some 
t , 6 etermi nants of general confidence are intuitively evident 
u , f °* cue validity based on experience that one feels to 

im f ' 6t oes one s ^formation about the past validity of a cue 

J n lm P ecca bl e source'* How many sources of variability 

hilanpp tv, m are °P eratlve anc * bow sure is one that it is possible to 
miner i a S amst one another? How successful has one been in 
level thai h CU ^ ^ ^ ertain ly we know from studies of aspiration 
L S r C0nfidence » based a general summary of 
beinff fiopri a j G m sltuatlons seen as comparable to the present one 
recent uerfl" ' “? “P™ ‘he access or fadure of 

a tendenev tn Indeed > then, confidence can be increased by 

also bv the te P aS1Ze or remem ber selectively one's successes and 
whmh one has T 866 “ P resent task « ^ to pa* tasks on 
moreover that There seems to be evidence, 

more than Hasten 1 succe “ s has the effect of increasing confidence 
more than past failure reduces it (eg. Winder and Wurtzs study, 

haw eh<^ d otffpr P r ag m Ph a 1S aib,trai T ™ the sense that one could 

“confidence determinants ” W ‘ de 0Pe " “ ‘’“T® h 

v „. Iph , _c ii t 11 suthces , however, to point to the rich 

Hot does genial confidence ^ mteres tmg branch of inquiry, 
behavior? Stud.es m problem SS 
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fidence seems to give rise to a lack of persistence m problem solving 
or predisposes one to think a problem is insoluble (eg, Keister, 
1943, Bloom and Broder, 1950) One would expect on the basis of 
such findings that in probabilistic categorizing or in concept attain- 
ment of the certainty type discussed m previous chapters, a lack of 
confidence might have the effect of leading to inefficient strategies 
or, in the probabilistic case, to all and none categorizing behavior m 
the face of objectively less than certain cues 

In terms of effect on individual decisions, it is possible to propose 
some reasonable hypotheses based on the general theorem that, given 
two cues which the subject estimates to be equally valid, that cue wi 
be preferred in which the person feels greater confidence If, for 
example, one utilizes the kind of judging situation employe y 
Goodnow and gives the subject two cues to work with, one pointing 
70 30 to type X, the other 70 30 to type Y aircraft, a conflict between 
the two may be resolved on the basis of the amount o va u a e 
experience the person has had with each cue A su ject in sue 
experiment would have enough experience with hot o 'n°' 
each cue is about 70 30 valid in its own right, but one of the two cues 
would have been based on a longer learning experience n a s 
one cue would have been ‘overleamed 
It is conceivable, finally, that where the outcome of cate S°^ in S 
governed by a payoff matrix of a drastic nature w “ e m 

mcurred and gains to be won are great in magm u e . 

favor of the Tugh confidence cue will be more : marked St mh a 
prediction is based on the genera! assumption drat ™^r these con 
d, irons the individual cannot afford the luxury of exploring and trying 

out the ‘ lesser confidence ’ cue , . , , , ~ - cateeonz- 

We now come to the question of making or w. .hholdmg acateg ^ 

mg decision Shall one make a definite c oic ^ , concrete 

basis of available cues or P ost P°" e “sk of d.fferentnl diagnosis 
example A doctor is faced with , certain symptoms, 

whether a patient under obseraa 10 ” categora and treated 

should be placed in one or anot ier 1 S”, UJ j] the physician allow 
accordingly How much obsen ation ca 

before making his diagnosis? f i rtcnm ne when one passes from 

What are some of the factors 0 achjng the problem Is to 

deliberation to decision 9 One was o • ^ increase deliberation 

ask what kinds of ps>chological ac recogmzmi; of course, that 

and what lands to precipitate dcciSt ^omists Knight (1921) 
such a dichotom) is onl) heuristic j, hon « that lead to con 

and Shackle (1919), have each proposec 
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turned deliberation Both of these writers speak of the enjoyment 
of being m a position of choice, uncommitted The latter remarks 
on the “pleasure of imagining possibilities” when in such position 
Intuitively, their point seems reasonable, particularly where post- 
ponement of decision is without much cost to the individual and 
where choice is between two alternative means to a goal, both of 
them highly promising, rather than between two incompatible goals, 
both of which one wants to reach Yet various ps) chological writers 
have suggested that there is an intrinsic cost often involved in delay- 
ing identification or categorization Bartlett (1932), for example, has 
made much of the “effort after meaning” and the abhorrence of am- 
btguity, marshalling much compelling evidence on the tendency to 
structure and to give meaning to ambiguous features of the environ- 
ment More recently, Tolman (1951) has proposed that it may be 
necessary to add to the list of human needs a “placing need” conceived 
of as an urge to give objects and events definite identity, and the 
studies of the California group on the prejudiced personality (Adorno, 
et a , 1950) suggest the strong role of “intolerance of ambiguity” in 
cognitive functioning 

Generalization about the “enjoyment of choice” on the one hand 
and the resolution need’ on the other inevitably leads to conflict in 
pre ic ion t is quite evident that it is only when one inquires in 
more e ai a out the consequences of delay versus action that con- 
tmnal ,0n av0l ded The consequences may be sheerly mforma- 
fre<;Vi m f na Ure y delaying one may have the objective of gaining 
one nl 1 * * rpa^ m i atl0n or S amzm g more efficiently the information 

obsolescent f aS » u* ^ deky ^ ea ^ s to present information becoming 
then TI l tha " 0ne can * * with fresh information! 

( 10401 1,.! !, 0 v | ous y not SO desirable informationally Shackle 
inn fresh info™ i ln ®„ tbln S s to s '*y about “the possibility of lmpend- 
iurther le! “ m t n iu and the readCT 15 to his work for 

to be obta.ned!Lnng Layts e anoth The “V' £ur ' her inf ° rma ‘ IOn 

f •«™ , i ,t"-r ; 

still and the nnee w' V a f ams J cost °f obtaining more information 

or d!sntatre Of ^ ° f ne ' V ”*»“■«»■* In sum, the pleasure 

v I,t P od”ll r PenSe ° an te “noretely stated in terms of the 
values and costs, the positive ^inri 

delay and action P d glt ‘ Ve outcomes expected with 

1 T’Tf a !t data ™ the , fiel , d of psychology which, though not col 

lected for the purpose, do shed light on the relation of consequence 

to delay Studies of vicarious trial and error behavior ( VTE ) at 
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choice points in learning situations provide such data How long wall 
a motivated organism delay its choice of discnminable, alternative 
pathways to a desired goal, one pathway being a good one, the other 
being blocked? One illustrative finding, reported b) Bruner, Matter, 
and Papanek (1955), is that more highly motivated rats show fewer 
VTE responses at choice points m a maze than do moderate!) moti- 
vated rats— the motive being hunger and the reward food The on!) 
“cost” for such VTE deliberation is delaying slightly the consumption 
of f °od at the end of the maze The “gam’ from further 'looking at 
the cues” is m reducing subsequent error It would appear from this 
study that when a rat is deprived of food for 36 hours the en-or-re- 
duction gam to be achieved from VTE behavior is less than the loss 
to be incurred from the delay of obtaining food that sue e avior 
imposes With the animals deprived for 12 hours, the ba ance see ™* 

0 be more m the direction of error reduction and VTE, wi i * 
delay becoming secondary Such an account is, to bo sure, gro y 
simplified, but it suggests the importance of anal) zing tic P' 1 ) 
c achieved by deliberation and decision as factors in c 0ice _ . 

The difference between “spectator” behavior and par 1C JP . , 
^'ior noted by Heidbreder (1924) in her early study of . , ds ° 
o raises interesting questions about deliberation ccnt- 

J U l ect to “stop and think” when an instance is presente ,n * . , er 

or mation task, rather than rush into a hasty decision 
!! 0lcs that such a delay in response is rare ‘With a » *"«««■ 

‘ e m, th e subjects seemed impelled to act prompt), S j jj 
g^ent set no limit to the amount of time to be devoted 


re quent!y subjects would decide on 

^ to be WTnncr rnthnr 


the basis of a hypothe 


1 be wrong rather than deli) response 


In our own 


thci 

studies 
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mg and waiting” is not "action” Perhaps we tend too readily to 
think of our experimental procedures as neutral It is doubtful that 
they appear so to the naive subject All in all, however, our best 
guess is that the reluctance to delay a categorizing decision and to 
delay the testing of hypotheses are further aspects of the search for 
direct information 

Cultural differences and individual differences in venturesomeness 
with respect to the use of cues doubtless exist The speed with 
which one person will pigeonhole another on the basis of slender 
external cues— this is one of the most characteristic aspects of man’s 
general cognitive style wilhgness to sustain indecision, whether it be 
equated to “tolerance for ambiguity” or not— gives the appearance of 
being a relatively consistent trait It may be a function of how much 
information a person requires before making a decision, or, indeed, 
a function of how much risk he is willing to take The economist 
Marschak (1941) suggests that there may be important individual 
differences in venturesomeness,* in the odds people require in mak- 
mg a risky decision Equally, there may be differences in the amount 
of information individuals require 

Our object in treating the two “neglected variables” of confidence 
an , decision delay has been to raise rather than answer questions, for 
o o t e after would require far more data than are now available 
o ie psyc 10 ogist Rather, we wish to point to the rich possibilities 
o researc m this field and to underline the centrality of such prob- 
lems for a full understanding of probabilistic categorizing 



CHAPTER 


An overview 


Jluch of our commerce with the en- 
vironment involves dealing with classes of things rather than wit 1 
unique events and objects Indeed, the case can e ma e ia 
cognitive activity depends upon a prior placing of events in erms 
of their category membership A category is, simp y, a range 
discriminably different events that are treated as if equiva en 
the preceding chapters, we have been concerned wit ie na “ 
psychological categories and with the strategies y w ■ ic P 
come to discover what cues they can appropriately use for intern g 
the category membership of objects and events they may enc0 ^ nt 
It is quiTe apparent that a good many phenomena m psychology 
often treated as quite diverse and put into differen ' ? 
textbooks, can be treated as instances of categorizing But 

the term is reserved for various forms of conceptua Basls 

any behavior involving the placement of objects or even 
of selected ones may be profitably conceded 
whether perceptual or conceptual The princip ^ a 

identifying a visually presented object as ™ a P P of placemen t or 
century statesman as a ‘ Tory hes not in P Indeed there 

identification but in the materials and cu f* u * j ifferentia te percep- 
are examples in which it is almost impossi learnine: For 

tual and conceptual categorizing, notably in ^riftmfsounds that are 
language learning involves learning to jf°dJf ere nces in sounds that 
functionally equivalent and to ignore t tvn rds is concerned 

“make no difference’ as far as distinguishing ^ a one 0 f 

We have proposed in earlier chapters tha ca £, 0 f a society is 
fhe pnncipal means by winch a growing comes to use 

socialized, for the categories that one is a g ^ 



232 A Study of Thinking 

habitually reflect the deminds of the culture m which they arise 
To get on in his culture, the Navaho had hest learn to make distinction 
between events that occur naturally and those traceable to witch- 
craft, and the Englislim in becomes adept indeed in placing a man 
by the stripes on his tu* 

While there arc differences, to be sure, in the various phenomena 
we group as citcgorizing, it Ins been our conviction that a closer ex- 
amination of the general nature of categories and of categorizing 
would not only elucidate these diverse activities but would show the 
degree and manner in which they are similar in nature The research 
we have reported Ins mainly been drawn from the field of “concept 
formation so called, but we w ould propose that our conclusions are 
applicable to any phenomenon where an organism is faced with the 
task of identifying and placing events into classes on the basis of using 
certain criteria! cues and ignoring others 
The categories in terms of which we group the cv ents of the world 
around us are constructions or inventions The class of prime num- 
bers, animal species, the huge range of colors dumped into the cate- 
gory blue, ^ squares and circles all of these are inventions and not 
discoveries They do not “exist" in the environment The objects 
of the environment provide the cues or features on which our group- 
ings may be based, but they provide cues that could serve for many 
groupings other than the ones we make We select and utilize cer- 
tain cues rather than others In the first three chapters of this book, 
we ave been much concerned with the selective utilization of dif- 
ferent forms of grouping, why some cues are used rather than others, 
row t ey come to be combined m certain ways, how one goes from 
the recognition of defining properties to the placement of the object 
in a particular category In the four following chapters this more 
genera discussion has been elaborated by the presentation of an ex- 
tensive series of experiments 

Both the general discussion of categorizing and its experimental in- 
ves iga ion ave een based upon a conception of the components 
of categorizing activity, and to these we must turn now 

1S> ° v act of concept or category formation— the 

inventive act by which classes are constructed Of this process, vve 
have had relatively little to say here Categories are developed in 
response to events, as when a generalization continuum emerges m 
response o a spec c stimulus They may also be constructed by 
combinatorial activity as when one proposes the class of “female 
presidents of the United States or the class of creatures called 
centaurs Or finally, they may approximate pure inventions as when 
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one proposes a concept like the ether or phlogiston There is a sec- 
ond component of categorizing activity one that we have been prin 
cipally concerned with in these pages This component, which we 
have called “concept attainment in contrast to concept formation, 
is the search for and testing of attributes that can be used to dis 
tinguish exemplars from nonexemplars of various categories, the 
search for good and valid anticipatory cues Since our concern has 
been with concept attainment, we have scrutinized it with more care 
than we have given to the process of concept formation not that we 
think one is more important than the other, but simply that one must 
place some limit on inquiry 

Let us take as an example of concept attainment the work of a 
physicist who wishes to distinguish between substances that undergo 
fission under certain forms of neutron bombardment from substances 
that do not Note that our physicist does not have to form the con 
cepts ‘fissile” and ‘nonfissile ’ The essence of his problem is to de- 
termine what qualities are associated with fissile and nonfissile su 
stances and eventually to determine which substances will be fissile 
and which ones nonfissile by means short of neutron bombardment 
This kind of problem is hardly unique The child seeks to distinguis 
cats and dogs by means other than a parents say so the Army psy- 
chiatrist seeks out traits that will predict ultimate adjustment to an 
performance in the Army All such tasks can be stripped down to the 
following elements f , , . „ 

1 There is an array of instances to be tested, and from t us cs mg 

1S to come the attainment of the concept The instances can 
characterized in terms of their attributes, e g , color, weig per 
ume, and in terms of attribute values, the particular color, the part - 
ular weight per volume, etc , , 

2 With each instance, or at least most of them ° ncc , v hetlicr 
underway, a person makes a tentative prediction or cast 

0r not the sam pie before him is, say, fissile, and before be ** ^ 

with his task there will be a series of such decisions to b ° ™ t or 

3 Any given decision will be found to be eorrec instance « ill 
varyingly indeterminate, l e , whatever the decision 

turn out to be fissile, nonfissile, or indeterminate 

US validation of a decision, the ma)or source of mcn)bcr . 

relevance of cues exhibited by an instance for its categ r> 

4 P Each decision and test may be regarded as ^adm^I»tCTthl 

Information by limiting the number of attributes ,„bxtances 
that can be considered ns predict.! e of the fiss.bihts of substances 
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5 The sequence of decisions made by the person en route to attain- 
ing the concept, 1 e , en route to the discovery of more or less valid 
cues, may be regarded as a strategy embodying certain objectives 
These objectives may be various m hind but in general one may dis- 
tinguish three kinds of objectives a to maximize the information 
gained from each decision and test of an instance, b to keep the cog- 
nitive strain involved in the task within manageable or appropriate 
limits and certainly within the limits imposed by one’s cognitive 
capacity, and c to regulate the risk of failing to attain the concept 
within a specifiable time or energy limit and to regulate any other 
forms of risk consequent to making a decision and testing it A se- 
quence of decisions or a strategy maj be evaluated in the light of 
these objectives whether the subject * intends” these as his objectives 
consciously or not Strategies are not here considered as conscious 
or deliberate behavior sequences Whether or not the subject is con- 
scious of the strategy he is employing and can tell you its objectives 
is an interesting but not a critical datum 
6 Any decision about the nature of an instance may be regarded 
as having consequences for the decision-maker Whether the in- 
stance is called fissile or nonfissile and whether it turns out on test to 
be one, the other, or indeterminate, there are consequences to be 
considered— sometimes grave, sometimes not A given wrong de 
cision may mean one’s job and one’s contract, a right one (eg, coding 
a fissile instance correctly) may mean a new grant, etc The set of 
consequences following upon each decision and each outcome we re 
fer to as the payoff matrix of a decision, and the relevant consequences 
reflect the objectives of the strategy and the over-all task 
Given this analysis of the nature of categorizing, the experimental 
task that one must undertake is self evident For if it can be shown, 
first, that concept-attainment strategies can be isolated and described, 
then it should follow, second, that such strategies will be systemati- 
cally affected by changes in the informational strain, and risk charac- 
teristics of the problems in which the strategies are used If a 
strategy is designed to balance informational intake, cognitive strain, 
and failure risks, then ,t should be discermbly altered by any imposed 
conditions that alter the components of this balance If, for example, 
cognitive strain is increased, one might expect a change m strategy 
that reduces informational intake and increases risk of failure-if these 
are in the interest of cutting down on cognitive strain It is with the 
study of such maintenance of balance that most of our experimental 
investigations have been concerned 
With respect to the nature of the potential information provided, 
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we have used concepts of different kinds (conjunctive, disjunctive, 
and probabilistic), and have varied the amount of information pro- 
vided as well as its form (whether by positive instances, examples 
of what the category is, or by negative instances, examples of what 
the category is not). We have also on one occasion varied the op- 
portunity for validating ones decisions about membership of instances 
in a category To alter cognitive strain, a variety of techniques has 
been used increasing the number of attributes and values to e 
searched in pursuit of correct cues, using abstract versus concrete 
materials, arranging the instances encountered m an orderly as against 
a random form, speeding up the pace, and other forms of harassment 
Risk conditions, as embodied m the use of different payoff matrices, 
we have also varied by asking such questions as How oes one 
categorize if one is a sentry as compared to a searcher a ter ac 
curacy?” or “What is the effect of changing the probability of obtain- 
ing instances for test of a particularly useful kind? We canno c aim 
to anything like exhaustive testing of all the possib e an re evan 
conditions and parameters Rather, we have aimed at selecting t 
that seemed both theoretically relevant and relevant oo in y 
concept attainment Several other variables, whic or r . 
limited energy and resources were not studied, t e re a e * , 

referred to in the first three general chapters and scatt ® re ? 

the later chapters as well If still others are suggested to the rea 
by omissions on our part or by our stopping short in our arguments, 

we shall have been well rewarded , , j to 

Our first principal finding is that it is possible to_ desenbejnd to 
evaluate strategies in a relatively systematic way, 
their objectives and in terms of the steps taken to * 

There are, for example, some strategies that under eertmn eond.,^ 
are informationally moderately efficient, cognitively vnsbenv, ou 
almost failureproof Conservative focussing menton" ££ “S 
4, is a case in point Each decision made about an mstance^e^ ^ 
tered yields a guaranteed intake of inform™, declslon The 
ff one wishes be measured m terms ‘ anbty 0 f mforma- 

strategy neither requires the carrying o g ences Further, 
hon in memory 7or the making of rnvoW inference^ ^ ^ 

given no imposition of limits on tune atever for success is as- 

attainment, the strategy involves nor h conditions m which 
swed It is a strategy nicely adapted < s ' Iut , 0I)> and it is not 

‘he subject nonetheless is seeking an _ . subjects employ 

surprising that under these conditions i onr S here ). But 

it (if such a voluntaristic word as emp o) 
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should conditions become pressing, should there be a limitation im- 
posed on the number of instances one can test before one discovers 
which hinds of substances are ‘fissile” or “edible” or what not, then 
the strategy becomes less appropriate in the sense that its use now 
risks the chance of complete failure There is also a strategy which 
in Chapter 4 was called focus gambling and it has many of the same 
properties as the conservative focussing strategy, at least as far as cog- 
mtive strain is concerned Its difference is that each decision made 
cither leads to the assimilation of a considerable amount of informa- 
tion or none at all Given a limitation on the number of decisions 


that a person may make prior to concept attainment, it has the prop- 
erty of increasing, the chances of attainment over the poorer chances 
involved in conservative focussing The greater the limitation im 
posed, the more striking is the difference between the two We find, 
to use these two strategies as an example, that as one imposes upon 
subjects a restriction in the number of instances they can test on the 
way to attaining a concept, the greater the likelihood of their shifting 
away from conservative focussing in the direction of focus gambling 
Each of the strategies is amenable to relatively rigorous description, 
and it is fairly simple to employ a quite precise measure for describ- 
ing the shift from one strategy to the other The reader will recall 
the discussion of these experiments in Chapter 4 and we need not 
labor the details again here We bring up the matter only to under- 
line the first general point we wish to make about our findings that 
strategies can be located and described, and by the same token, a shift 
m strategy can also be described and related to changes m the re- 
quirement of the task set 


A second major finding implied in what was just said is that it is 
possi c to demonstrate the effect of relevant conditions upon meas- 
unble aspects of categorizing strategies By so doing, we have been 
able to get into” the process of concept attainment rather tlnn being 
limited to evaluations simply in terms of whether a subject succeeded 
or tailed m attaining a concept We have been able to analyze, with 
a lair degree of definiteness and an occasional feeling of real under- 
s an mg the wa) to the attainment of a concept This is not a “find- 
»ng in the formal sense, but it is for us one of the most satisf>ing 
resultants of our experimental studies 
A third general finding is less readily summarized When one 
utnzes somewhat novel techniques of experimentation and analysis 
on rather old problems- and the problems of categorizing and concept 
attainment can all be found lucidl> presented in Aristotle’s Dc Scnsu 
-one is bkcly to come upon certain general tendencies m information- 
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getting and information-using behavior that are worth especial note. 
For many of these general tendencies, we suspect, can be found in a 
variety of cognitive activities that may not, on the surface, seem re- 
lated to the tasks we set our subjects. One of these is the tendency 
of people to fall back on a criterion of verisimilitude in using and 
evaluating cues for categorization. That is to say, in attempting to 
differentiate exemplars from nonexemplars of a category, as one so 
frequently must in science, medicine, and indeed in daily lire e 
person will, in the absence of other information, tend to a ac on 
cues that in the past have seemed useful, whether these cues ave 
been useful in an analogous situation or not. When t e person is 
working with familiar cues but with unfamiliar categories t is en 
ency will emerge and it accounts in part for the di erence e w 
behavior toward what we commonly call concrete materia s ( w 
such verisimilar cues are present) and toward abstrac m 
(where they are not). This “persistence-forecasting, evs i ua ing 
on the basis of their apparent past relevance, whi e it o viou y 
value, can prove to be a chief obstacle to the adoption of informa 
tionally efficient strategies. .... _r 

Another general tendency is the inability or um ^ in ^ .. in _ 
jects to use efficiently information which is base on fj, tbese 
stances or derives from indirect test of an hypot lesis. ^ .jj us . 
require the transformation of information. An instan us£J 

trates the negative case, what a concept is not, requires 
it to infer what the concept might be. So too knowledge from^an 
indirect test, so-called. An indirect test of an hypo 1 ’ one . s 

will recall, is illustrated by proving thr0 “Z e T We have found 
hypothesis is correct rather than proving it direct T. f irre levant 
that, in dealing with the task of sorting : ‘ are ab j e t0 make 

cues m the environment, subjects persist Y at pains in 

direct tests with positive instances, and ' tpndencv for cog- 

earlier chapters to evaluate the significance o « results from 
"hive behavior. In general, it is as if irformat.on *Hatr«u ^ ^ 
in-the-head" transformations is distrusted per P j, (rans- 

Preciation of the possibility of the errors one can make 
formations. , ol ] ie rs noticed: 

Finally, we may note one additional ten e y n( or con junc- 

it may be called the tendency to prefer com strategies of cue- 
tive concepts and to use (often inappropria y) noted fre- 

searching that are relevant to such concep s. ^ Qr catc goiy of 
quently enough the primitive assumption 1 attribute values that 
objects should be defined by a set of deJmmg « 
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are additive to be an exemplar of a class, an object should have 
this characteristic and that characteristic and that other characteristic 
Disjunctive concepts (and to a considerable degree, relational ones 
as well, although these have not been discussed at any length) re- 
quire getting used to and in searching for their defining properties 
subjects often slip back into their primitive assumptions about con- 
junctmty Whether this is a universal characteristic of human 
thought or whether it is a reflection of the predominantly conjunctive 
logic and language of Western cultures we are not prepared to say 
As for other trends observed— the greater amount of information re- 
quired for abandoning an hypothesis that fits one’s general notions, 
the tendency to reduce the number of cues one considers in making 
categorial placements, the inclination to assume in problem-solving 
that “change means progress,” the impulsion to make use of every 
source of information when the going gets rough even though such 
eclecticism overwhelms limited capacity— these and many others are 
suggested by specific findings and seem eminently to deserve further 
investigation 

In general, we are struck by the notable flexibility and intelligence 
of our subjects in adapting their strategies to the information, capacity, 
and risk requirements we have imposed on them They have altered 
their strategies to take into account the increased difficulty of the 
problems being tackled choosing methods of information gathering 
that were abstractly less than ideal but that lightened pressures im- 
posed on them by the tasks set them They have changed from safe- 
but slow to nsky-but fast strategies in the light of the number of 
moves allowed them They have shown themselves able to adapt to 
cues that were less than perfect m validity and have shown good 
judgment in dealing with various kinds of payoff matrices They 

ave shown an ability to combine partially valid cues and to resolve 
conflicting cues 


There are, to be sure, certain systematic errors that are observable 
But these may be conceived of not so much as “errors ’ as systematic 
behavior related to the strategy being followed One may distinguish 
several kinds of systematic “errors ’ One of them has to do with the 
extent to which people trust and use cues as bases for inferring ex- 
emplars of a category Does the person accord a cue the same degree 
of trust as its \ alidity merits— and is this a meaningful question? A 
second type of error’ has to do with failure to assimilate as much 
information as is potentially available from testing an instance IT* 
n-illy, there is the type of error imoUcd in miststnmting the mturc 
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of the inference that one must make seeking cues that permit cer- 
tainty inferences where only probabilistic ones are available, or trying 
to deal with a disjunctive concept as though »it were conjunctive 
About the reliance people place on cues, as judged by the readiness 
with which they will use them as a basis for inference, this will de- 
pend m large measure upon the nature of the decision to be made 
If one must make a decision fast about the identity of instances, one 
will come to place great reliance on cues that are immediate y avai 
able for use It is all very well to say that the criteriahty of a cue- 
the degree to which it will be used for making an inference wi re 
fleet its validity or the degree to which in fact it provi es a correc 
basis for such an inference In general and under re axe C1 ^ u 
stances, this is the case But to leave the matter at at an c 
deviations from the rule “errors’ is to miss most of what is interesting 
about the criteriahty of cues For cues will be used in a 
commensurate with the objectives and payoff matrix g ove ™* S ‘ ‘ 
gorizing situation If the objective is to reduce cogm i 1 , ' tQ 

simpler and more easily ascertained cue will be used i ‘ P of 

a more complex one of higher validity If t e ns t j ie 

wrong prediction from cue to identity is very grave, v y . 
most valid one avadable w.ll be used to the exclusion ofdotoj 
ceteris paribus Indeed, one may think of the re a i ^ do . 

validity and cue cnteriality-the actual goo ness o I 

gree to which it is relied upon m judgment-as being mediated by^ 
payoff matrix governing the situation One canno as a 

if Selective Service doctors use an indication soldiers, even 

critenal attribute for weeding out P ote "‘ ia / timc placed upon 
if there are better cues available For the i , aval i a ble 

the examming military physician makes less 1 
cues worthless, even if they are more valid , . nil the rnfor- 

With respect to the failure of subjects to 
nation that can be extracted from tes ing ^ ^ flS " crr0 rs ” 

doubtful whether such phenomena shou e co s(|CCCSSIvC . SC nnning 
If an individual adopts a strategy, say t e azy {cs{ cn conn Ur 

strategy, he is destined not to learn as muc 1 r ^ ^ n0t a question of 
a person who uses conservative focussing » jf a strategy 

error, but of the nature of the strategy cin S C * r ornn {, 0 n does not fit 
*s built on direct test of cues, then negative 1 ^ t0 tise negative 

mto the pattern he is employing « ” c a t^self and departing 
instances, indeed, he may end up by contusing Errors in 

fmm the nicely of the slmtcg, he Ins been emploun S 
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this sense have the status of “useful inefficient statistics that throw 
away data but which are still helpful in getting the test made so long 
as the distinctions to be drawn are not too subtle 
The last type of * erroi ’—misjudging the type of inference to be 
made— is again not profitably viewed as error but should be viewed 
as a systematic response tendency related to strategy We dislike 
disjunctive inferences, as mentioned earlier, perhaps because they are 
rare and not simply because they are ugly So too probabilistic cues, 
we sometimes tend to make them more certain than they are, partic- 
ularly if they seem “reasonable” or “impressive ” It is a nice problem 
how these tendencies come about, whether, as we have suggested, the 
structure of our language and logic imposes them upon us Little 
is added by calling them errors They are dependent variables, 
these tendencies, whose determinants have yet to be discovered 
We suspect that such misestimates derive from larger scale strategies 
of problem-solving aspects of behavior that might almost be called 
‘style” or, as the French put it, “deformation professtonelle ” ^ ne 
develops on the basis of past encounters with one’s particular world 
an expectancy concerning the nature of classes of events One may, 
by virtue of circumstances, develop a “gambling orientation” whereby 
cues tend to be treated as probabilistic Or the mathematician may 
dev elop specialized deformations about the relational nature of classes 
These deformations, though they may lead to inefficient behavior in 
particular problem-solving situations, may represent highly efficient 
strategies when viewed in the broader context of a person’s normal 
life 

Perhaps the term error” should be used for two specific forms of 
behavior not conventionally labelled in this way The failure of an 
over-all strategy to meet the requirements imposed by a task, to the 
egree that it is maladaptive, is an “error ” Note, how ever, that only 
a arge segment of sequential behavior may be characterized in this 
"aj and not any particular response For example, a few subjects 
of very superior intelligence and usually with mathematical training 
attempt to attain conjunctive concepts by the use of simultaneous 
scanning-keeping all possible hypotheses in mind at each step-and 
their efforts came to grief Their strategies were in error, by which 
we mean that the strategies employed failed to meet the objectives 
o an ai equate strategy So we may speak of error in this sense as 
a strategv that proves to he dysfunctional in a given problem situ- 
ation ° 

The other form of behavior tint may be called an error is related 
to the first It is dev i it ion from a strategy that has the effect of 
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disrupting behavior We have observed cases of the use of focus 
gambling (which is premised on the utilization of positive instances 
only) where the subject, upon encountering a negative instance feels 
impelled to use the information This has the effect of making him 
ride two horses simultaneous scanning and focus gambling By so 
doing, he ends by confusing himself But here again error must e 
defined not with reference to the abstract success or failure of a given 
response, but by reference to the fittingness of a particular act in a 
sequence of acts , 

The various detailed features of concept attainment strategies nee 
not be passed in review here Their principal features a re ^ ea ? 
plain enough What psychological status shall we affor t e con 
struct of a strategy? The point has already been made that t ey are 
not necessarily deliberate or conscious forms of behavior eci e 
upon m advance by subjects and then put into operation cn 
subjects were unable to tell us in any coherent way ow 
proceeded although the sequence of behavior shovve s ^ s f 
features of a highly regular and skilled order e P 
strategy has, we would say, a kind of middling sta us 
construct in the grand manner such as libido or habit strong , 
ls in no sense proposed as an ‘explanation of t e © , e 

which it is inferred At the same time it is more tha 
account of moves made by an organism It is rather a P a 
of extended sequences of behavior, a description t n a , se 
bve m tlie sense that it proposes to consider w ia e getting 

quence accomplishes for the organism in terms of inform g 

conservation of capacity, and risk regulation , 

As a step toward focalizing the 

10ns that make up a strategy, we have introduced , used 

ideal strategy An ideal strategy is basically an ana y j, u man 

a s a yardstick against which to compare the per orm ^ of t}lC 
operators in the situations we set them It is our c P t j, e 

Pure form” of the land of behavior we have been ^ 

way we would set a computer to do what t e SU .A t j |CSlS which 
doin g It is, if you will, the opposite of the > mil >T . ucre 
states how a subject’s sequence of responses s on cate- 

guided by random numbers " 'Ve set a su jec ^ , a j, ic5 0 f 
gonzmg a senes of instances exhibiting one o P ^ 0 f fl 
an attnbute One value indicates the instance is r 307 of 

category 70* of the tune, the other signals exempt w 

•he instances a so called 70 30 case We m containing 

conditions of pasoff and nsb subjects call instances co 
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the more probable value an exemplar of the category 95% of the time 
on the average, the other only 5% We postulate that the ideal 
strategy is an “all and none’ approach always calling the more 
probably valued instance an exemplar, never calling the less pro a y 
valued one such Only a minority of our subjects may actually s ow 
a performance record of this ideal type, but we nonetheless spea o 
the subjects as tending toward this ideal strategy So too in in- 
junctive concept attainment where we find behavior tending towar 
ideal negative focussing or ideal common element strategies, 
although there will be few cases of the pure thing in actual behavior^ 
This is indeed a common form of middling model construction, 
of the same order as proposing that in a tracking task subjects not 
only do not perform randomly (the null hypothesis) but that they 
perform in approximation to a servomechanism Note, however, that 
while we have stated the formal or logical properties of various 
strategies, we have left completely open the issue of how they come 
about, whether by the operation of the laws of association, by the 
gradual growth of habit strength ( although it is not evident what the 
reinforcements are), or by the subtle concatenation of phase se- 
quences m the cortex We have sought to describe large segments 
or long sequences of behavior in systematic terms and whoever deals 
in less middling or more basic theories will one day have to explain 
how these large segments come into being how they are maintained 
and changed and the rest That has not been our job the job could 
not exist before the behavior had been described and preliminary 
means of measurement devised Developmental studies, studies of 
the effect of different experiential histories investigations of cognitive 
and other pathologies— these will be the research tools required for 
the more basic job of investigating the origins of strategies 

There are three methodological conclusions to which we must turn 
now the first has to do with techniques for the study of cognitive 
processes, the second concerns the working definition of what has 
been traditionally called “concepts,” and the third deals with the 
relation between conceptualizing inference, and other forms of 
cognitive activity 

With respect to the first of these-techmques for the study of 
cognitive processes, the processes whereby information about the 
emironmcnt is achieved, retained and transformed so that it may be 
utilized in situations other than the one in which acquisition occurred 
—it seems to us that there are several desiderata First of all, to 
understand the intelligent or adaptwe nature of behavior, one must 
work with units larger than a single response, no matter how “molar” 
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that response may be One must, moreover, work with sequences of 
response if one is to appreciate the unfolding interplay between 
successive responses in reaction to prior consequences Since the 
consequences of a previous act serve to guide subsequent responses 
and since the final objective being sought by the organism will deter- 
mine the goodness or badness of a given consequence, it behooves 
the student of behavior to pay closer heed to the sequential pattern- 
ing of the behavior he is studying These are points that ave een 
made much of in recent years and they aie obvious They deserve 
remaking here because they are peculiarly apposite to the study or 


cognitive activity , 

If, in studying problem solving and conceptua rang on o 
allied activities, we are to emphasize the analysis o e avior 
quences, then it becomes necessary to externalize the componen s 
or decisions m order to get at them The so called eure 'a P™ 
m which the subject is given all the elements out o w nc 1 a 
must be fashioned are peculiarly unsuited to tie r 

getting behavior observably externalized, unless t ic pro study 

that successive, attempted solutions can be o serve reversely 

of thinking, inference, conceptualizing, and ot er su Qne 

labelled activities, the great technical problem is P reci ^ on j y 
If behavior is to be viewed as strategy, the tas o ana J Jot 0 f 
be accomplished by devising experiments t ia can i g ^ ^ 

sequentially linked behavior out of the organism w 

One other matter of technique also d ! nve * . f ^ indirect 

opon the analysis of strategies It has to o w er tl)at has 

or “cover story methods of studying cogm 1 > 1 one pre- 

bedevilled the field of concept attainment P artlCU f coyer s f or> 
sents a concept-attainment task to su jec /o^ociating DAAes and 
mstruebon that it is a task of rote memory ( subject will 

OlVs with various curlecues), then the be av, ° , j strateg) 

be geared to the objectives of the task as s^f and Ins » 

'vill reflect the requirements set him bet it ec conceptualizing 

°f setting the objectives in problem so ving * instructions 

experiments is not a nuisance to be got n o > p selt , n g is a 
that conceal the purpose of the res e arc 1 „ eit }, C r a parameter 
cubcal variable to be studied as a variab e, 1 t t0 j,e swept 

°ne can hold constant with safety nor an cm 

under the procedural rug , .t, t j, c w orkmg deGm- 
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the more probable value an exemplar of the category 95% of the time 
on the average, the other only 5% We postulate that the ideal 
strategy is an all and none” approach always calling the roore 
probably valued instance an exemplar, never calling the less probably 
valued one such Only a minority of our subjects may actually s °w 
a performance record of this ideal type, but we nonetheless spea o 
the subjects as tending toward this ideal strategy So too in dis 
junctive concept attainment where we find behavior tending towar 
ideal negative focussing or ‘ ideal common element strategies, 
although there will be few cases of the pure thing in actual behavior 
This is indeed a common form of middling ‘model construction, 
of the same order as proposing that in a tracking task subjects not 
only do not perform randomly (the null hypothesis) but that they 
perform in approximation to a servomechanism Note, however, that 
while we have stated the formal or logical properties of various 
strategies we have left completely open the issue of how they come 
about whether by the operation of the laws of association, by the 
gradual growth of habit strength ( although it is not evident what the 
reinforcements are), or by the subtle concatenation of phase se 
quences in the cortex We have sought to describe large segments 
or long sequences of behavior in systematic terms and whoever deals 
in “less middling or ‘more basic theories will one day have to explain 
how these large segments come into being how they are maintained 
and changed and the rest That has not been our job the job could 
not exist before the behavior had been described and preliminary 
means of measurement devised Developmental studies, studies of 
the effect of different experiential histories investigations of cognitive 
and other pathologies— these will be the research tools required for 
the more basic job of investigating the origins of strategies 

There are three methodological conclusions to which we must turn 
now the first has to do with techniques for the study of cognitive 
processes, the second concerns the working definition of what has 
been traditionally called “concepts,’ and the third deals with the 
relation between conceptualizing inference, and other forms of 
cognitive activity 

With respect to the first of these-techmques for the study of 
cognitive processes, the processes whereby information about the 
environment is achieved, retained, and transformed so that it may be 
utilized m situations other than the one in which acquisition occurred 
—it seems to us that there are several desiderata First of all, to 
understand the intelligent or adaptive nature of behavior, one must 
work with units larger than a single response, no matter how “molar 
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requires that values of different attributes bear a specified relation to 
each other the definition of the class of events known as equations 
requires a relationship between quantities on either side of an equal 
sign A disjunctive concept is one m which one works with vicarious 
attribute class— other attribute inference patterns An exemplar of 
a disjunctive class may be defined by the presence of property A» or B, 
or C, or A,B„ A t C t ,B t C t , or A BjC, One may be a member of the 
University Combination Room at Cambridge if one is a a member of 
the Regent House or b a member of the staff of the University, or 
c elected by the Committee of Minagement or any feasible com 
bmation of these One may infer from any of these to eligibility 
with certainty, but one cannot infer from eligibility to any one or 
any combination of these properties It is a class that is neither 
comfortably conjunctive nor elegantly relational And it is one that 
people have great difficulty mastering both m everyday life and in 
experiments (cf Chapter 6), for the vicarious functioning of cues 
in pointing to class membership seems to violate the expectation that 
to each effect there be but one cause 

It must be apparent to the reader, from our discussion of strategy 
and the analysis of errors just set forth that our inquiry has started 
from a premise that may be called functionalist That is to say 
we began our inquiry with the simple and inevitable ques on 
does categorizing accomplish for the organism? Sue an opening 
question— and it is almost a universal opening question in the biological 
sciences, where one begins by asking say, what does the circulation 
of blood accomplish for the organism-such a question tends qu y 
to recede into the background Circulation to be sure may indeed 
serve the function of bringing nutriment, oxygen etc o ‘hetosues 
of the body, but before long one ,s more occupied with the means by 
which this is accomplished So too with categorizing One be gm s 
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is contributed by the philosophical controversy over the nature of 
concepts as universals whether a universal is something that resides 
m objects and may be directly known or whether it is in a Platonic 
realm of umversals that can only be “prehended’ in corrupted form 
or whether it is something that is imposed on regularities in nature 
by a conceptualizing mind And the confusion comes pirtly from 
controversies withm psychological theory We fail to see that the 
philosophical controversy has any bearing on the empirical study of 
conceptualizing behavior The principal psychological controversy 
has been between two views There are those who urge that a con 
cept psychologically, is defined by the common elements shared by an 
array of objects and that arriving at a concept inductively is much 
like ‘arriving at’ a composite photograph by superimposing instances 
on a common photographic plate until all that is idiosyncratic is 
washed out and all that is common emerges A second school of 
thought holds that a concept is not the common elements in an array, 
but rather is a relational thing a relationship between constituent 
part processes 

We submit that such a controversy is relatively fruitless We have 
found it more meaningful to regard a concept as a network of sign- 
significate inferences by which one goes beyond a set of observed 
cntcrnl properties exhibited by an object or event to the class identity 
of the object or event m question, and thence to additional inferences 
about other unobserved properties of the object or event We see 
an object that is red, shiny, and roundish and infer that it is an apple, 
we are then enabled to infer further that “if it is an apple, it is also 
edible, juicy, will rot if left unrefrigerated, etc ” The working 
definition of a concept is the network of inferences that are or may 
be set into play by an act of categorization 
As we have been at pains to point out, the criterial attribute values 
from which class identity is inferred and the inferences that are then 
made from class identity to other properties need not be of a common- 
element type nor need they be relationally connected There are 
conjunctive, relational, and disjunctive concepts and each of these 
may be of a certainty type” or probabilistic in nature, depending 
upon whether cnternl attributes point with certainty to class member- 
ship or not A conjunctive class ma> be defined psychologically by 
the conjoint presence of several attribute values when and only 
when all such values are present may an object be considered as an 
exemplar of the category. This is a conjunctive concept, and there 
arc strategics appropriate to the attainment of such concepts (Chapters 
4 and 5) A relational class is one in which the "rule” of inference 
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and it has been our aim in these pages to ask further questions. If 
the reader feels that our approach to conceptualizing warrants the 
label of “functionalism,” we shall be not at all offended. Perhaps it 
would be even more appropriate to call us “empiricists.” 

We have chosen to call this volume A Study of Thinking. A word 
in explanation of this title brings the enterprise to a close. Concept 
attainment is, to be sure, an aspect of what is conventionally called 
thinking, and in this sense the title justifies itself. But we have also 
urged a broader view: that virtually all cognitive activity involves and 
is dependent on the process of categorizing. More critical still, the 
act of categorizing derives from mans capacity to infer from sign to 
significate, and in so far as we have shed any light on categorizing as 
such it is our hope that we have also made clearer the nature of infer- 
ence as a psychological phenomenon. 

Finally, it has been our intention to investigate paradigms of be- 
havior that represent in stripped-down form the kind of behavior 
called problem-solving or thinking in everyday life. Repeatedly we 
have sought parallels in the behavior of the scientist going about his 
business. Seeking to discover what areas of the cortex mediate 
speech or what substances evoke allergic reactions, the scientist is 
engaged in much the same kind of behavior as were our subjects. 
The scientist too is faced with the task of assimilating information, 
conserving cognitive strain, and regulating the risk of failure and 
folly. We have idealized the experimental situations employed in our 
investigations beyond what is normal in daily life, but that is the price 
one pays for experimenting at all. It is our hope that by reaching a 
u er understanding of these more idealized forms of thinking in 
vitro, the complexities of thinking as we observe it around us will he 
more readily understood. 
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The Phoneme as a Category The phoneme is often called the 
smallest unit of speech that ‘makes a difference to a listener or 
speaker Linguistic scientists have developed intricate but general!) 
reliable techniques for discovering these units in any speech corpus 
There is some disagreement about minor points of procedure an a 
good deal of disagreement concerning the psychological status ° * e 
phoneme The following treatment does not detail all of these dif 
ferences of opinion It draws most heavily on Z S Harris admira y 
precise Methods in Structural Linguistics (1951) but is not a presenta 
tion of Hams since it is written with an eye to the problems of psy- 
chology rather than linguistics 

Our definition begins with the parable of the coins which is an exact 
analogue of the first stage in phoneme identification n ivi ua C01 » 
though never identical as stimulus objects, are said to e o 
denomination when they have a functional equiva ence or 
exchange Individual phones also fall into functional equivalence 
classes Phones belonging to the same functiona c ass 
stituted for one another fn a given utterance without chang ng the 
meaning of the utterance Thus one can mate s lg c . S 
duration, quality, and pitch of the [p] in >U without chang g^p ^ 
into another word Mutually substitutable p ones are 
free variation and the discovery of classes of free varum* the i first 

stage m phoneme identification However, the c ass phoneme 

phones is not yet a phoneme There is a second step » m F -he » 
Identdication and this step is described after the procedure for 
covermg classes of free variants . r , ir renc\ of 

Suppose that we have undertato to classdy^ ^ bke (hose pic . 
a country We have available a sample S" exam ined ,t is 
tured in Figure 14 If these specimens are clos J (q 

clear that no two are identical It may beour fl* ^ 
them into two groups the large and th tms nredictw e of the 

highly cntenal for identif) mg American coin jlowexcr, if wc 

ultimate critenon-the exchange \alue o t j„ s currcnc) 

obsened the bujing and selling of the P C0 P _ an( j q as equivalent 
we might discoxer tint the) treat 001115 n ’n V and H The) might 
but distinct from a second group coins , » naturc of the coin edge, 

pa) no attention to size but concentrate on ^ a nom attribute 

whether it is rough or smooth Sac *ou a j lcrn itn e lhc> might 
m their categorizing of these coins cntenal attribute 

use the darkness or brightness of the surface as a cn 
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Cognitive socialization means the taking on of culture Because 
speech is so important in the process we are prepared to find some 
intimate relations between the structure of a language and the struc 
ture of nonhnguistic culture From anthropology have come strong 
statements of Linguistic Relativity and Linguistic Determinism, state 
ments founded on certain striking parallels between language and 
other cultural systems We will examine these statements from the 
point of view of cognitive psychology to determine what kinds of 
relationship between language and culture are probable and what 
kinds are improbable 

So we begin with language cut back to its sounds The good things 
of life meaning and culture are added at later stages These are all 
systems of categories m interconnection 

THE CATEGORIES OF SPEECH 

The movement to devise an international phonetic alphabet had as 
its original impulse the desire to provide a distinct sign for each dis 
tmguishable speech sound (phone) that might be heard anywhere m 
the world The speech sounds were to be analyzed into a set of artic 
ulational attributes so that each sound would be a unique conjunction 
of positions and movements of the speech apparatus There are now 
man\ phonetic alphabets but none of them accomplishes this original 
purpose The goal is unattainable for the reason that speech sounds 
are mfimtcl) \ancd The wonder is that alphabets of about 50 sym 
bols and a dozen diacritics could ever have been thought equal to the 
^ further wonder is the amount of agreement between authors 
o liferent alphabets How did they happen to recognize the same 
microscopic fraction of the infinitely large number of attributes differ- 
entiating speech sounds 9 Both wonders were possible because the 
phoneticians like other human beings categorized the speech they 
card and the symbols of their phonetic alphabets stand for sound 
categories rather than unique sounds The articulation al attributes 
e ming t icse categories seem to Imc been selected because of their 
significance in one or another of the languages then knowm This is 
not to sot tint the alphabet « as intended to be limited in this \s a) but 
rather that the language bachground of the phoneticians caused them 
to hear some speech differences and to overlook others The nano 
rnemlxT of a language community categorizes the speech he hears 
He lias a Spraefigc/uhf that w ill actn cl) affect Ins perception of un 
familiar speech In an international phonetic alphabet that aspires to 
provide unique svmtmls for all distinct sounds an) such SpmchgcfM 
is out of place \ phommic alphabet on the other hand, Is intended 
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prime mark indicating the voice that is added to the bilabial plosive 
[p] to make [b]. Alternatively A and A' might correspond to [p ] 
and [p 1 ] in which the second phone is unreleased as it sometimes is in 
“nip.” The same word is, however, sometimes^ pronounced with a 
released aspirated [p h ] of the kind heard in “pin/ Either form of [p] 
is possible in final position. Our Sprachgeftihl classifies the [pj s to- 
gether; indeed we may never have noticed their difference, but the 
[p] and [b] we consider to be altogether different. Now we are con 
cemed with A and A'. The phonetician has distinguished between 
them since he writes them differently. What of the native spea 'er 

It is difficult to know just what question to ask. If a man in a pit 
helmet were to ask you, as a native speaker of Eng is , to e 
whether there was any difference between two soun s an 1 ie 
painstakingly enunciated [p]s, released and unre ease , you 
well report the difference though noticing it for t e rst im . 
set that puts the informant on his mettle, that puts a P^ emi 
acuteness, is undesirable. What we want is his accu turn e ea • 
want a casual, habitual judgment, not an auditory Jfaacabn®. 

Harris suggests that the phonetician produce m 1 P ^ 

text (ABC) and then ask the native speaker whether A B P 

tion 05 ABC. In effect one asks if the are the san,, e but 

without focussing on the particular sound If the ^ uttmnc ivB . 

“pan” and “ban” no speaker of English would accep / re ] c ,Tsed) 

lent. If the utterances were "nip” ( unre J e “ J the informant did not 
they would be accepted as equivalent so long tested. AI- 

feel that his powers of auditory discriminate- ••ere (0 

tentatively the linguist might pronounc ^ ^ - rcpctiti ons" were 
repeat the utterances several times. . cn^cr accepts 

transcribed as A'BC we svould know ^“Sation is v ly 

A' « equivalent to A. equivalent of giving and 

close for the repetition procedure is a sp i 

to the repetition procedure the *£££ £ 

serve usage of ABC and A'BC t0 , sec Mnccs In the simplest case 

same or different nonlinguistic circu pointing at mcm- 

AnC and A'BC would be denotation. ^ (llc onc ixty by the 

bers of identity categories. Tim ■" ' , lh - mUng the other boy by 

hand and say, "This is my son Aiw. , i.-.i.i- ... .ertm.s mis- 

the hand, "it ’ ” 
construction 


a say, "This is my son AB {s liable to snriotis mb* 

I, "is A'BC." of course t P u(iwa ] meaning. Is lids 

tion. A single pointing a container, or a thing 

mat i denote a glass, a glass 0 . altCT t|on to positive and nega- 

One pointing will not tell. Bv care 
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This seems an unlikely choice, however, since the coins would change 
brightness value as they passed from hand to hand and an unstable 
currency is something to avoid The degree of soiling and tarnish is 
a noisy attribute in American currency This dimension is critenal 
in so many areas of our life, such as utensils and clothing, that it is not 
surprising if we vaguely feel it an unfair exchange to give up a new 
half dollar for an old dingy one 

The linguistic scientist who studies the speech of an unfamiliar pre 
literate people is in a position resembling that of the coin classifier 
He too collects a group of specimens (a speech corpus) and tries to 




E F G H 

Figure 14 Corns that can be categorized m vanous ways 


discover the local categorization of the sounds recorded He, too, 
must beware of his own categonal predispositions which might falsify 
oca system The local speech system like the currency system 

is revealed m a process of social interchanges 

the hrst step is a phonetic transcription of the corpus of speech 
is anscnption should be as narrow as one can manage Since 
the transcription will not be ultimately narrow (a symbol for each 
unique soun ), t ere are sure to be some recurrent phonetic se 
quences istinguis able sounds will sometimes be found imbedded 
in identical phonetic contexts These sounds are the focus of the first 
stage of phonetic study 

Are two discrimmable phones, A and A', that occurs m identical 
p onetic contexts categorized together or separately categorized by a 
native spe-iher? Notice that ,f the object language wire English, 
A and A' might correspond to [p] and [b] in ‘pan" aid "ban” with the 
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phonetic context (eg, shorter vowels before voiceless consonants, 
longer vowels before voiced consonants ) 

Among the phonetic categories that occur in complementary distri 
bution are some that share distinctive features of aiticulation This 
is true of the pre velar and mid velar [k] s Both are voiceless velar 
stops In English the phonetic categories [h] (as in ‘hit ) and [ijJ 
(as m "sing”) are also m complementary distribution No English 
word begins with [ij] and none ends with [h] The phonetic [h] 
should not be confused with the silent letter h which does occur in 
fin il position in English spelling The categories [h] and [rj] do not 
have articulational similarity Phonetic categories having articula- 
tional similarity and complementary distribution are atlophones of a 
single phoneme The categories [h] and [rj] cannot be allophones o 
the same phoneme since they lack articulational similarity However, 
the two [k] s satisfy both criteria for inclusion within a single 
phoneme , 

The letters of an alphabet transcribe with more or less precision the 
segmental phonemes of speech but there are also suprasegment 
phonemes that are not written alphabetically These may appe « 
the printer’s space (juncture) or as diacritics in a gui e to pronunci 
tion (stress) or in such end of sentence punctuation as ie exejim 
and question marks (intonation) In English the utterance market 
is not acceptable as a repetition of ‘mark it The secon u 
involves an external open juncture (symbolized #) w 1 _ 

m the first This phonemic difference signals a very^great difference 
in meaning In English also the utterance permi ( , s\ Ha- 

first syllable) is not a repetition of permit (stress on t 
ble) The former word is a noun, the latter a verb In many m 
guages (Chinese, Mixteco, Navaho) there are ton i p * 

hUxteco, for instance, a given sequence VJ' tfc fame sequence 
nounced with a low tone means mountain sellable 

means “brush” when pronounced with a me * _ SDecl fied Tlie 

does not have a fixed lexical meaning un ess i fic f nt feature of 

absolute pitch of individual syllables is no S « across an uttcr- 
Enghsh speech but the contour of relatnc pi c M here” from 

ance is significant We can change the ««eran |he intona 

an exclamation of surprise to a statement o > slCm ficant contrasts 
bon contour Pike (1945) has found that a 1 *>*8^ pilch The 
English arc accomplished with four muon) together with 

secondary phonemes (juncture, stress, one ’ t j JC total significant 
the more familiar segmental phonemes co p 
features of speech 
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tive instances, however, the linguist may discover whether ABC and 
A'BC name different categories for native speakers He fills here the 
role of a subject in the studies reported in this book, a subject who 
does not control the sequence of events but observes them 
Pike (1947) reports that one of his best checks on a phonemic anal- 
ysis comes from the reaction of natives to his speech If they roar 
with laughter when he is serious or if they are insulted when he is 
being pleasant, the inappropriate reaction can sometimes be traced 
to the pronunciation of A m a context that calls for A' 

Using several of these operations to check on one another the linguist 
obtains a set of phonetic categories The phones within a category 
are mutually substitutable in a set of contexts The members of a 


category are said to be in free variation with one another They are 
free variants Each category is given a symbol These symbols have 
no exact phonetic value They stand for classes of phones The 
categorial Ip] stands for both released and unreleased varieties The 


original phonetic transcription made by the linguist was also neces- 
sarily categorial The categories were his, rather than those of the 
native speakers and they were smaller categories than the new variety 
Still these new phonetic categories are not phonemes 
The com parable offers no exact analogy for the second step m 
p lonemc identification Indeed, we can think of no close parallel for 
ns procedure outside of linguistic analysis What happens, essen- 
tiall>, is that some of the classes of freely varying phones can be classi- 
fied together to yield a higher order category-the phoneme Classes 
ot phones that can be so united are called allophones (or varying 
orms) o a given phoneme We are next concerned then with the 
criteria for discovering which classes of phones can be called allo- 
p ones o one phoneme There are two criteria complementary 
istribiition and articulational similarity These are now described 
mong e categories of free variants are some that occur in com- 
plementary distribution, this is to say that the members of one class 
occur in p lonctic contexts in which the members of the other class do 
no appear n nghsh the prolonged [o] is heard in "toad” and a 
lor er [o] is icnrc in tote Wien the [o] precedes a voiced con- 
sonan 1 is a uajs onger than when it appears before a voiceless con- 
sonan ( po e- ogo, rope-robe,” “moat mode,” etc ) These classes 
of [o] are m complementary distribution The two [k] sounds of 
cep coo arc sinn ar but distinct If ^ou attend to \ our ouTi nrticii- 
lilton jou ss.l nol.ee tint the [V] of 'keep” farther forssnr.l (pro- 
rchr) than the mulschr [h] of “cool” When ehsscs of phones 
occnr in complementers <hstr.lmt,on the cl-m eon he prc.hcted from 
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any actual meaning Nor is there any necessity to define the nature 
of meaning 

The practical purpose of a phonemic analysis is often the creation 
of an alphabet for a previously unwritten language It would be 
possible to assign a letter to each category of free variants and thereby 
create a writing system that would differentiate all utterances the 
native speaker distinguishes However, a simpler alphabet will ac- 
complish the purpose Because they are in complementary distribu- 
tion a set of allophones can all be assigned the same letter It is not 
necessary to assign different letters to the allophones since an allo- 
phonic difference is ivver the only feature differentiating utterances 
the native speaker finds d'ffeient in meaning The long and short 
[o] in English can be written with on** s)mbol because there are no 
English words distinguished by vowel length The differences be- 
tween allophones are always redundant and so need not be repre- 
sented alphabetically However, not all categories in complementary 
distribution can be represented by a single letter The native spea er 
of English will balk at using one letter for [hj and [13] because they 
are too unlike m sound Using the combined criteria of complemen- 
tary distribution and articulational similarity, linguists have found 
that they obtain a set of speech elements for which an alphabet can 
he designed that will be acceptable to native speakers The native 
speaker can learn his letters and spell at once This meins he finds 
it natural to use one symbol for all the allophones of a p oneme a 
ftat he recognizes die allophones as recurrences of one basic torm 
The feeling of the native speaker for all allophones is typ e iy 
remark of a speaker of Spanish who said, with reference to his allo- 
phones, [z] and [s] ), "Well, [z] is the way [s] in SOme T r pme 

The ultimate criterion for including allophones wit in one : p 

the *■/■» flan nohVP sneaker of the assignment o a sing e 


1S the acceptability to the native speaker of the assignment c 
symbol to these sounds in spelling his language . 7 to 

The phoneme is a category of linguistic science belong to 

°ne phoneme when they have articulational sum an y com ple 

mut ually substitutable in the same contexts or e se ‘ a ^] e to 

mentary distribution Using these criteria the hngu 
identify the particular phonemes of any given angu^ g ^ 
widual phonemes are functioning categories hneuistic sci- 

of the language although the phoneme a atG S “„eh /t/, 

nce ls unknown to him We speakers of g sneakers use 

</• /PA and the hke What at. **««£ we » tliat 
■a categorizing the phones we hear? are 
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The phonemes of one community may be the allophones or free 
variations of another community This fact has important implica- 
tions for the teaching of languages Particular problems of speech 
perception and production can be predicted from a knowledge of the 
phonology of the old and new languages The English Language 
Institute at the University of Michigan has, under the direction of 
Charles Fries (1945), developed a training manual designed to teach 
English to students who natively speak Spanish and a quite different 
manual for students whose native language is Chinese Each manual 
is based on a comparative study of the two languages concerned 
With the Spanish speaker it is important to know that his language 
does not separate the phones [s] and [z] into separate phonemes 
Consequently he will have trouble pronouncing and, especially, hear 
mg the difference between such English words as “rice and ‘rise or 
ice and “eyes ’ Chinese speakers, especially those from the Yangtse 
River area, do not use [1] and [n] initially to contrast words and so 
confuse light * with ‘night and ‘ line ’ and “nine ” In general, where 
two languages give different categorial status to a phonetic distinction 
problems of perception and pronunciation can be anticipated The 
English Language Institute lesson books contain pronunciation drills 
which contrast the sounds that will be difficult for the group of stu- 
dents for whom the book is designed 
What part does linguistic meaning play m the procedure for de 
temunmg phonemes? An offhand characterization of the phoneme 
wi sometimes describe it as the minimal speech element capable of 
sign a mg a difference of meaning An equally offhand comparison 
of our English examples suggests that “pan and “ban differ in mean- 
ing while the two “nips” do not Some of us, if pressed to define “a 
difference of meaning’ might translate the phrase as any difference 
in an auditor s total response Tins position is untenable since certain 
tree variants^ and misplaced allophones will alter meaning in this 
sense ip with released [p] strikes me as rather jaunty while the 
unrelcased nip is distinctly constricted and tight-lipped This slight 
semantic s n t w ould turn up in a sufficiently detailed record of my 
total responses to the words However, the difference does not pre- 
sent me from recognizing the two pronunciations as the same word 
\\c have no use for total responses Like Heraclitus* streams and 
the sounds of speech they probably do not repeat We want the kind 
of categorial reaction elicited by the repetition procedure The in- 
formant brings his own understanding of equivalence and difference 
of meaning to the task There is no need m this procedure to specify 
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cies dominate, it is gra\e In articulation'll terms the grave feature 
is generated b) a larger or less comparted mouth cavity, while the 
acute feature originates in a smaller or more divided cavity The 
English phonemes /u/, /o/, and /f/ are grave, and /i/» /e/ and /s/ 
are acute The features vocalic-nonv ocalic, consonantal nonconso 
nantal, compact-diffuse, grave acute, flat-plain, nasal oral, tense lax, 
continuant-interrupted, and strident-mellow have been used to de- 
scribe the phonemes of English Each phoneme appears as a bundle 
of concurrent features Many of these features are derived rom 
more traditional articulational and acoustic studies The idea that 
they all operate in a binary fashion is an added elegance As ) et is 
exciting proposal has not been widely enough tested to te vv e er 
it will solve the problem of phoneme specification 
The potential critenality of acoustic and articulationa attri u es 
follows the general rule of relativity Critenality must always be de- 
termined with respect to a particular category contrast f \ 

descriptive terms of traditional phonetics we shou escri e 
of “pm” as an unvoiced bilabial stop since it is pro uce wi 
explosion of bieath at the two bps m the absence o voic 
were to be dtst.ngu.shed from the [b] of “bm’ the vomed^oteeless 
dimension would be important since [b] is a vmcet 1 . , j 

If, on the other hand, Ip] were to be distinguished from* he [tj ot 
"tm" the position of articulation would be impor an si j 

unvoiced alveolar stop, it is produced at the alveolar n g ] 
the upper teeth rather than by the Wo bps io the jakobson sy em 
each phoneme is a unique bundle of 
features and the same features serve to characten :e ^ ^ 

°f a language It follows that any given others 

critenality for some categonal distinctions an iw ^ Qn phoneme 
The most important finding to come ou t every lan- 

specification is the reliable tendency for t e P ^ can place 4e 

guage to fall into symmetrical groups T ’ ‘ c , cu be with each 

e.ght English stop consonants at the eight “ tures The 

Sl de of the cube labelled with one of th Within such 

fricatives of American English form another sue honeimc con 

a cube a given feature or attribute is criteria . at nn attribute 

trasts It 1S nearly (but not quite) true in p onem ^ cnternl eve p- 
'vhich is criterial for one phonemic contras ^ fall into dif- 

vvhere else in that language, i e , where two P the> will usu 

ferent phoneme categories on the basis distinguished there is 

all y do so Once values of an attn ue t ]Te> occur within 

ev idently a tendency to distinguish them w 
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mark phones for the /t/ category rather than the / d/ , for /d / rather 
than /p/? The specification of criterial attributes for particular 
phonemes is still a program rather than an accomplishment. How- 
ever, the program is fairly clear. The attributes of individual pho- 
nemes are of two kinds, acoustic and functional, and procedures are 
available for studying the cntenality of both kinds of attribute. 

The Acoustic Attributes of Individual Phonemes. The sound spec- 
trogram pictures the distribution of energy among the constituent 
frequencies of a speech sound at any given time and so makes possible 
acoustic specification of individual phonemes To determine the 
ecological validity of various acoustic attributes for the phonemes of 
English it would be necessary 1 to sample adequately the popula- 
tions of phones m each phoneme, and 2 to examine the spectrograms 
of these phones for attributes characteristic of each phoneme To 
determine the cntenality of the acoustic attributes it \\ ould be neces- 
sary to sound phones of known acoustic properties for native speak- 
ers who would then categouze the phones into phonemes This 
program has been well launched by people at the Haskins and Bell 
Telephone Laboratories Most of the work so far lias concentrated 
on the first three acoustic formants of single allophones of the English 
vowels The full range of variation within a category, all the allo- 
phones pronounced by voices that range from adult bass to a child s 
soprano, remains to be studied Trying to specify the acoustic at- 
tributes of English phonemes with available data would be rather like 
forming ideas about national character from a single interview with 
half a dozen foreigners Even within this restricted range very com- 
plicated results have been obtained Many allophones appear to be 
probabilistic categories but this picture may change when more acous- 
tic features, beyond the first three formants, are studied Very likely 
the phonemes of English will not all be the same kind of category 
There may be simple conjunctive cases There may also be prob- 
abilistic and disjunctive categories 

Perhaps the most ambitious program of phonemic fission is that 
initiated by Jakobson, Fant and Halle with their publication Prelim- 
inaries to Speech Analysis (1952) Impressed with the binary com- 
puter as an analogue to the human nervous system, these authors have 
proposed that any phoneme can be uniquely characterized with a set 
of two-value attributes An attempt has been made to describe these 
“distinctive features” in both acoustic and articulationa! terms For 
example, the feature grave acute has reference acoustically to the pre- 
dominance of one half of the spectrum over the other If the higher 
frequencies dominate, the feature is acute, where the lower frequen- 
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What is the status of the combinations that are not allow ed ? 
Whorf rules out any suggestion that the prohibited combinations are 
humanly unpronounceable with data showing that most of the things 
English will not allow are practiced in some language or other In 
addition, he calls attention to the “unspeakable” combinations that we 
do manage “sixths,” “glimpsed,” and the like It seems that the 
formula summarizes cultural practice rather than human necessity 

However, Whorf writes as if there were a kind of necessity in this 
practice Of course this necessity would be cultural rather than 
human Whorf sees an imperative in the formula A new mono 
syllable turned out, say, by Walter Winchell or by a plugging adman 
concocting a name for a new breakfast mush, is struck from this mo 
as surely as if I pulled the lever and the stamp came down on his 
brain” (p 82) Whorf allows that Winchell might com the word 
thrub,” since it is tolerable by the formula but that Wine e w 
not com a word ‘srub’ There is then a behavioral disposition 
created by familiarity with the combinational possibility structure ot 
a set of phonemes or letters We may suppose that there is also a 
perceptual disposition to hear “possible” morphemes an ' vor 

The linguistic distinction between possible and unpossi e p o 
combinations can proBtably be displaced by a continuum of more 
less probable combinations Whorf, at least, accomp e f r 
possible” when he wrote “srub and now we have done it ako 
asked 30 native speakers of American English to mven ne 
syllable English words Most of these inventions were p « 
according to the Whorf formula but two “Bz and ^ 

In the comic strips an “impossible” word is occasmnally created „ My 

favorite example appears m Al Capps Lil Abner ’ 

J tn P« a man who brings catastrophe wherever e him 

him with a miniature cloud over his head a c ou . 

about dripping a perpetual rain This character is an 
P e flee a7hl preach Capp has ^ 

Joe for the prtiable, human aspect, B *P , ,, beIo „, a certain 
fete he suSers When phoneme combinations . po ss 1 b1e" 

feirel of probability they fall under the bnguis s , . j jnl prob- 

Such combination! are more accurately described as h.ghl, imp 

Shannon (1949) has introduced the " lnnsll '°" ^“^m's'ctiuencc 
*> 00 lc on the mathematical theory of communion letters 

°f English letters (or phonemes) is followed i TlieproI>- 

( or phonemes) with varying frequencies in n Scribing transi 
tluhty of various transitions can bo calculated In deser 



258 A Study of Thinking 

a system of categories B) analogy \\c might say that if the radiator 
grill distinguishes Fords from Chcv rolets it is likely that any two cars 
having different radiator grills \\ ill fall into different categories Tins 
characteristic of the attributes of phonemes raises a most interesting 
problem for the dc\ eloping speech perception of children When a 
child learns to distinguish [p] from [b] (as in “pin” and “bin”) does 
it follow that he will at once notice the distinction between all other 
consonant pairs that differ from one another m this same attribute 9 
The attribute is traditionally that of voiced-voiceless though in Jakob 
sons terms it is lax tense More generally we should like to know 
whether speech perception develops by the orderly emergence of the 
attributes of phonemes (which may be the distinctive features) with 
each attribute bringing in a cluster of phonemic contrasts 
Functional Attributes of Individual Phonemes. When a subject is 
asked to identify a set of vowels all of which appear in the same 
phonetic context (eg, ‘hid,” “hud,” “hod’) he has only the stimulus 
attributes of the vowels to guide him Ordinarily, however, our 
recognition of a speech sound is facilitated by the context in which 
it occurs If the acoustic attributes do not enable us to choose be 
tween several possible vowels, the context may render one of them 
more probable than the others Since the speech sound fills a position 
in a phonetic context, the context may be considered a functional at- 
tribute of the sound The probability of finding one phoneme and 
no other in a given context describes the ecological validity and po- 
tential criteriahty of the context for that phoneme For some contexts 
m a anguage there are always some phonemes so improbable that 
the linguist has called them “impossible ” If we treat these combina- 
tions as one extreme on a continuum of probabilities of occurrence, it 
is possi le to bring together the descriptive linguist’s work on pho 
nemic structure with the information theorist’s work on transition 
probabilities Both of these have described functional attributes of 
specific sounds 

No system of speech makes use of all possible phoneme combina- 
tions in the manufacture of words and morphemes No orthography 
puts its symbols together in all possible ways There are always 
combinations that do not occur Beniamin Whorf (1940) has con 
structed a formula describing phoneme combinations that are "pos- 
sible in the English monosyllabic word The formula allows for a 
great variety of English monosyllables but it also clearly rules out 
many possibilities of which we can conceive There is, for instance, 
no provision for syllables beginning with /zr/, /sr/, /vd /, or /rj/ be 
cause such syllables do not occur in English 
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might be expected to reveal their knowledge of the languages com* 
binational probability structure in the responses they would make 
with this procedure. This same knowledge should affect the percep- 
tion of speech whenever the audible pattern is somewhat ambiguous. 

In an experiment described in the foregoing, native speakers of 
American English invented “new” English monosyllables. For an- 
other experiment we selected the first 15 of these monosyllables that 
contained exactly 4 phonemes. John Carroll, of the Harvard Grad- 
uate School of Education, kindly allowed us to use his table of first- 
order transition probabilities to calculate the average transition prob- 
ability for each of these manufactured words. Carrolls table was 
constructed from a large sample of American English speech. It 
records the relative frequency with which every English phoneme is 
followed by every other English phoneme. One of the invented 
four-phoneme syllables was /gmvp/. The average probability o 
transitions for this syllable was determined by noting first the irc- 
quency with which the space or juncture is followed by /g / n t ic 
Carroll table and the frequency with which the transition from 
/g/ to /u/ occurs, and so on with the transition from /p/ to space 
completing the column of frequencies. The mean of these frequen- 
cies is the average transition probability with a single an ece e 
this syllable, lie 15 syllables varied widely with regard to th 
value. . 

The IS syllables were then transmitted from one subject 
i" a series of 15 successive repetitions. The 15 subjects, seated ! some 
distance apart in a line stretching across the room, c0 ’' cr ^ M j. e 

while I spoke the syllable to the first subject. This subject I» 

*0 syllable to the next man. Each participant onco cred l.is «n 
only while listening to the syllabic. The final man in the ro P 
'he syllable to me and I recorded it in phonemic ,„J 

Of the 15 syllables two returned to me unaltcre . t ^ 

'he highest average probability and the other "as i - [c TC . 
Gaining 13 syllables were changed in the corns £ 

Production. In only two cases did the final s ) • rcm3 j n j n g 11 
average probability than the original syllables. |„„ 'that 

syllables changed into more probable com . nr( j s /loft/ 

hooame less probable both ended as actual a 

(coughed) and /Irak/ (crock) While which 

" er average transition probability than ■ ( f onm a higher 

'hoy evolved ( /awzt/ and /kr.nl/) they have, as total 
Probability of occurrence. . . ..—J from the form ln 

Half of the 15 original syllables had shg i . 
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tion probabilities we will take English letters rather than phonemes 
as our units This is for convenience of presentation What will be 
said of letters applies also to phonemes 
Consider the letter 'T" Suppose we know all the letters that fol- 
low “T’ in written English and know also their relative frequencies 
of occurrence We might write each letter on slips of paper, making 
the number of slips for a letter proportional to the frequency with 
which the letter follows * T ” Then if we were to add a second letter 
to follow *T" by drawing at random from the slips of paper we should 
be likely to draw “H,” less likely to draw ‘ R,” and most unlikely to 
draw ' P, B F, V, Z, M N,’ etc Suppose that “H” is drawn, we might 
then use this new letter as context and again draw a letter to follow 
The drawing would, of course, be made from a new collection of slips 
representing the relative frequencies with which “H ’ is followed by 
various letters m written English Proceeding in this way with each 
successive letter we should construct a second-order approximation 
to English which is a sequence of letters built on the transition prob- 
abilities for successive sequences of one letter 
As the amount of antecedent context used increases, one speaks of 
third order, fourth order, nth-order approximations to English A 
first order approximation would be constructed by drawing letters and 
the printer’s “space” according to their relative frequencies in ordi- 
nary text The zero order approximation is constructed by drawing 
at random from the letters and space with no allowance for the rela- 
tive frequencies of the language 

To make all the tabulations necessary to construct these various 
orders is prohibitively laborious The expedient used relies on the 
behavioral disposition created in a person by his acquaintance with 
the combinational probability structure of his native language Sev- 
eral people co operate to build the sequence a letter at a time For 
a third order approximation one person would be asked to add a letter 
to the first two The next person would be given only the last two 
and would again add a third Each person, as a speaker of English, 
is presumed to choose m accordance with the transition probabilities 
of the language 

A variation on the method for determining transition probabilities 
is the method by which context probabilities can be determined A 
subject is provided with surrounding context, rather than with ante- 
cedent context alone, and he is asked to provide as many letters as 
are required to fill the context Thus in CON-EXT the letter ‘T 
will lme a \ery high probability of occurrence in English while all 
other letters will have a very low probability Speakers of English 
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priority over the contextual The child must first learn something 
about the auditory characteristics of speech units 

In ordinary conversation, however, the functional attributes are 
important and may serve to convert some phonemes from probabilistic 
to certain categories If the acoustic attributes admit of several al 
ternative categorizations, the functional attributes are likely to provide 
a basis for choosing between these interpretations In the stream of 
speech the functional and acoustic attributes combine to define 
phonemes and, m defining phonemes, they define the larger meaning- 
ful utterances 

The Attributes of Meaningful Utterances The meaningful utter- 
ance is more easily defined by example than by principle The word 
pail ’ is meaningful but its constituent phones are not Wor ^ , sen 
tences, and paragraphs are all meaningful as are the linguists mor 
phemes and phrases Allophones, phonemes, distinctive features, and 
phones are not meaningful There is no semantic common denomina- 
tor contributed by /p/ to “pull,’ “pig/ and “up These tev - 
amples will bring us to an understanding about the meaningful ut- 
terance that is adequate for present purposes , j 

Linguistic analysis of meaningful units of speech is no so , 
as the analysis of speech elements The sentence an par JP ^ P 
conventional units m some written languages but are n 
descriptive linguistics The word has long defied 
Of the units used by the linguist the morpheme is most 
nearest a clear operational definition The postu a es 0 {j ic 

are too involved and controversial to be discusse in 
main points can be described in a few words 
,The morpheme is a unit reminiscent of the " ord but noMo^^ 

identified with it any more closely than the phoneme nununal 

'vith the letter of the alphabet The morpheme i U - 
semantic unit The free morpheme can occur a o before con- 
Speakers will sometimes pause after a free mor F ' susceptible 

hnuing their discourse Tlie free morpheme is a v ^ „ «] 10ll se,- 

°f analysis into smaller semantic units The " , j form hkc 

w are all free morphemes However, ^ ffCC 

dogs is not a single morpheme "ord as ) -, s " never 

or m “dog” and the bound form **-s A boun case t j,c 

Jfurs in isolation but it has a semantic contcnt-m 
dea of plurality. j canc i^ of attribute* 

Like phonemes, meaningful utterances tw t },<. allophones 

Stimulus attributes include the segmental P 10 ' f t j lC utterance 
a *d the secondary phoncmes-the *ho!c substance 
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which they had been created In each of seven syllables we interpo- 
lated one transition which is given zero frequency in the Carroll table 
These included such improbable combinations as /pm/, /pn/, / zt /» 
etc All but one of these was changed in the process of successive 
reproductions to a more probable combination Thus the /z/ of 
/zt/ was displaced by its unvoiced equivalent consonant /s /, which 
frequently precedes /t/ in English A syllable beginning with the 
velar nasal /g/ changed from /gin/ to /dig/, putting that nasal where 
it belongs in English— the final position 
In general, this little demonstration shows that nonsense words 
change in successive reproductions, into more probable forms The 
conditions for speaking and hearing were probably as good as they 
are m ordinary speech Whatever stimulus ambiguity existed here 
probably exists also in ordinary speech The auditor quite sensibly 
makes perceptual judgments in accordance with what he knows of 
Enghsh transition probabilities 

In listening to ordinary speech, knowledge of combinational prob- 
abilities must be a great help When the speech is really English the 
most probable guess will most probably be correct The ecological 
validity of each context attribute for a phoneme is the probability of 
finding the particular phoneme and no other in that context The 
surrounding context / sk-asp / (“sc ap”) predicts almost perfectly 
/r/) The context /t n/ has a lower criteriahty for a whole group of 
vowels since we have the words “ten,” “tin,” ‘tan,” “ton,” “tune/ 
tone, teen The context has some criteriahty, however, since no 
consonant is likely to appear m the vacant position 
Phonetic context must ordinarily be an important factor in the iden- 
tification of phonemes Why, then, worry about the acoustic at- 
tributes of phonemes in isolation ' 1 The acoustic experiment is rem- 
iniscent of the visually reduced situations in which depth perception 
has sometimes been studied Only when such monocular cues as 
superposition and relative size have been eliminated can the contri 
bution of binocular disparity be studied The acoustic experiments 
could be justified on the ground that their simplifications are essential 
if the role of acoustic attributes is to be determined There is at least 
one very important reason for determining this role To use con- 
textual attributes m the identification of phonemes one must have 
learned something about the probabilities of various phonemic se- 
quences Probabilities cannot be learned until recurrences can be 
recognized To learn the frequency with which a sequence occurs 
the sequence must be identified and distinguished from other se- 
quences It follows that the acoustic attributes of speech have 
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It seems likely, however, that this feature would be used where the 
final consonants were not clearly produced and the context gave no 
cue 


Functional Attributes of Meaningful Utterances Phonemic equiv- 
alence does not guarantee that two utterances will have the same 
meaning The English suffix “-er” m “runner,” dancer,” and teacher 
has not the same meaning as the “ er” of taller, older, an 
“stronger” The former is used to designate the performer of an ac- 
tion, the latter designates a higher degree of some quality e 
ference of meaning that is not phonemically signalled is conveye y 
functional attributes The agentive er is affixed to ver s wi e e 

comparative ‘‘-er’ is attached to adjectives This systematic di erence 
m context keeps the meaning clear The phonemic sequence er. 


appearing in isolation, is ambiguous , . . 

In English some words are phonemically identica u is 
meaning Phonemic equivalence is not, of course, e , 

identical spelling Since stress is not represente in c 
print such pairs as "permit” and ‘permit, pr^sen an r( j 

Jook alike However, they differ m the stress p lonem 
“board” as in ‘board of wood' is a true homophone of 
bored with psycholinguistics ' These two are spe , rec t or s” 

tut the difference between ' board of wood an Mr ^ meinings 
1S not marked in writing or m phonemic seque , , , criteria! 

have been distinguished by placing each word w , . WgjTto e 
context Those are different boards that are WJ[h ych o- 
phrases “board of wood, board of directors 0 ~ t meanings 

'■nguistics” The functional attributes sort out different me g 

for phonemically identical words meaningful utterances 

Transition probabilities can be computed ^eat any 

V a method like that used with phonemes ro ], enl e, "0^' 

fraction of a context as a functional ..ml bu.e of a > -"S* • , 0 th ’ 

or phrase The ecological validity of the conte ^ ^ 

probability of finding one particular fono in come {0 t j ic aid 

sentence frame “Now is the time for ■all goo -- attributes are 
°f the party” is so critenal for “men t a e , limu 3us attributes 
r eaU y redundant When utterances have 1 den a , alln but es is 

but different meanings, the importance o » lona ] attributes Join 

Specially clear More usually, however, u 

stimulus attributes to identify the „ e were 

Higher Order runctwnal Calcgorrcs Paruoi I find that 

J? recor d a very large sample of ^“S “ 1 S P jn the same context 
here are some morphemes or " ords t 1 
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Functional attributes are the phonemic contexts in which an utterance 
may occur The potential enterahty of such a functional attribute is 
the probability of utterance occurrence m a given context These two 
kinds of attributes are described now 

Stimulus Attributes of Meaningful Utterances. The first principle 
of systematic morphemics (Nidi, 1949) is the statement that forms 
which possess a common semantic distinctiveness and an identical 
form in all their occurrences constitute a single morpheme Identical 
form means the same phonemes in the same sequence ( not necessarily 
contiguous) For phonemes are the attributes of morphemes and 
of all meaningful utterances The individual morpheme, as also the 
word or phrase, is specified by the conjunction of particular phonemes 
in a particular sequence The category can be changed by altering 
a phoneme or disturbing the sequence 
It is a little difficult to accept the phoneme as an attribute We 
have grown accustomed to it in the role of concept The internal 
complexity of the phoneme is now so clearly in mind that it is difficult 
to accord it the simplicity of an attribute There is, of course, quite 
as much complexity in such familiar attributes as the color red, the 
form of the circle, the tactile experience of hardness To be cate- 
gorized as ‘red’ a color must fall within critical ranges on the 
dimensions of hue, brightness, and saturation Similarly an English 
consonant must satisfy conditions of energy placement and compara- 
tive intensity to be classified as [p] As attributes of apples and of 
apples redness and [p] lose their internal differentiation The 
morpheme, unlike the phoneme, is a category that is analyzed by the 
native speaker 

There is also a potential criteriality in the particular allophone form 
assumed by a phoneme Consider the English morphemes "need 
and neat These two are distinguishable in speech by their distinct 
final consonants— a phonemic difference In addition the vowels are 
different Both are allophones of J\f but the /i/ of "need” is more 
prolonged than that of "neat” The distinction is allophomc and 
therefore predictable from phonetic context The long vowel always 
precedes a voiced consonant and the short vowel a voiceless consonant 
It follows that any two words for which vowel length is a potentially 
cntcrnl attribute are also distinguished by their final consonants 
The consonants are predictable from the vowels However, the 
converse is not true There are pairs of words distinguished by the 
consonants /d/ and /t / which are not distinguished by vowel length 
(eg, "dill till, drain tram”) We do not know what use is actually 
made of such allophomc variations in the identification of morphemes 
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It may again be desirable to substitute a probability continuum for 
the linguist’s dichotomy The English speaker s judgment that very 
cannot possibly fill the gap in The — is good may derive from the 
very low frequency of such an occurrence Members of a part of 
speech may be words that attain to a certain minimal probability o 
occurrence m a given language frame I think, however, that some- 
thing a little different is involved in these judgments of grammatical 
possibility or impossibility that define the parts of speec e 
recognition that ‘The devil is good’ constitutes a possible Englis 
utterance probably does not defend on actual experience o is 
utterance The judgment would surely be made even if the word 
‘devil’ had never been heard in that frame aVC ? C "!j 

heard in such other frames as ‘The — is bad, or ^ e — „ 

them ” In these frames such words as man, woman, » 
“mayor,” etc have also appeared The^general func^iona q 
alence of “devil,” “man,” ‘woman,” “dog, and mayor „ ^ 

°ne to extend this equivalence to the frame —7 ** J? • 

“man,” “woman,” “dog,’ and ‘ mayor” have actua V , . t 0 t0 

this frame then it will be consistent to believe tha eu ^ 

occupy the same position I might write “The 

toes and stl U it would not seem acceptable m the sens ™ 

is good- is acceptable That is surely because very S 

»t0 one functional class and “devil into another on 

tel experience of the language rather ^^"7 \ 

°f occurrences in a particular sentence (hf , d gment of 

“eful test for part of speech membership not founded 

possibility or impossibility on which the test e P a . nctJOn aI cate- 
sunply on experience of the test sentence u combinational 

gones abstracted from total experience with the com 
Probabilities of language . , i„ hieher order 

The traditional parts of speech are n0 , ’textual probabilities, 

functional categories Utilizing the notion o jn in fi n itel) 

11 would be possible to categonze words or m rp satisfying a 
van °us ways One could put together all tne ^ nl0J , cases 
Particular level of probability for an) set o c native speaker 

fhese classes would have no semantic valce ^plated the 

n other cases one might find that he a u nouns or the 

lames of living creatures or perhaps the c as expect ad * uc *' 

Class of verbs of action or verbs of being definition b) ,!ia 

romantic categories to bo susceptible of un ,|itnl. functional 

mctl >od of contextual probabilities „ proper nouns 

ca legones are suggested to us b) semantic categories 
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In the linguistic frame “The is good ’ we might find ‘ book,” “tree, 

“house,” “speech,” and many other words Appearance in a given 
linguistic frame provides a basis for categorizing together a collection 
of words 

C C Fries (1952) uses the linguistic frame to define four large 
functional classes which correspond roughly to the conventional 
parts of speech noun, verb, adjective, and adverb Beginning with 
a large sample of telephone conversations he finds many words in the 
frame ‘(The) — ls/was good” All of these are nouns Fries goes on 
to define Form Class 1 as “a body of words that belong to the same 
part of speech by virtue of the fact that they can all fill this particular 
position” (p 78) It is not necessary to find a word in this context 
to identify it as a member of Form Class 1 A native speaker of 
English can judge of any English word whether it is a possible entry 
in this test frame This possibility has nothing to do with semantic 
suitability but rather with grammatical acceptability Thus the 
utterance The devil is good,” is perverse in sentiment but quite 
possible grammatically 

The functional definition of the part of speech is, in some ways, an 
improvement on the older semantic definitions According to these 
t e noun, for instance, is the name of a person, place, or thing 
Persons and places can be reliably identified but “thing” is clearly a 
word for whatever is neither person nor place and yet nommalized 
t is difficult to find ‘ thing” attributes m “virtue” and “truth” yet both 
are nouns On the other hand, as Fries notes, “blue” is the name of 
a color but not a noun in “a blue tie” Functional rather than 
semantic attributes seem to provide the ultimate criteria for recogni 
zing English parts of speech It is even doubtful whether semantic 
common denominators exist for the parts of speech 

unctional classes sometimes have common stimulus attributes a 
c aractenstic suffix or vowel In English, however, nouns have no 
mvaria e phonemes nor have verbs, adjectives, or adverbs With 
regar to acoustic attributes these are elaborately disjunctive cate 
gones Some nouns end with ”-al (“arrival,’ ‘refusal” etc ), others 
„ « re ' departure, “failure,” etc ), others with “-ance” (“accept 
ance, acquaintance, etc and there are many other common noun 
s es n addition, there exist countless nouns that exhibit no 
characterisbc suffixes, such as “house,” “man,” etc 
f oth . Harns < 1951 ) and Fries (1952) think of word classes in terms 
o w a can and cannot happen in the word combinations of a 
anguage This is again a possibility-impossibility dichotomy, like 
a oun in WhorFs formula of Enghsh phoneme combinations 
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young children as subjects, the generalization to the homophone was 
greater than generalization to the synonym The concealed, non- 
sensory similarity of “style” and ‘fashion’ is learned and only over- 
comes the more direct similarity of sound after some experience with 
the language For the adult, style’ and “fashion” resemble one 
another m meaning 

The experiments on linguistic conditioning suggest that when an 
utterance becomes meaningful it causes us to take account of some- 
thing beyond itself It has always seemed to be the central problem 
°f a psychology of language to determine the nature of linguistic 
reference Because utterances often acquire meaning through associ 
ation with some referent object or event it has been easy to believe 
that a meaning is an image of such a referent When the word st) e 
does not suggest “fashion” to a child it is merely because he has not 
learned that these words have similar meanings and so simp y trea s 
them as unlike sounds For the adult these words lnvc become 
transparent Perhaps we may say that the adult sees t roug ® 
words to their common referent image For the child t e wor 
s hll opaque . 

The Generic Mental Image The philosophers and psychologis 
who conceived linguistic meaning to be an image of a re crcn 
used to worry a great deal about the kind of image t ia cou 
leaning to an abstract term, a class name A proper non » 
n f ame of a particular object, could be supposed to create 
of that object But what image could one have of tnang 
0r “virtue”? 1 1 

Suppose that the name “Ralph Jones" appears, as it ‘““’U "°“ 

“ a ver bal context that clearly determines its re eren .. t hc 
lcu ar man Can we construct thc imaginal 1 ca , m aee" 

meaning of th,s word? How shall Mr Jones be clotted ml ^ ^ ^ 
"eh of the many hats and suits he lias worn wi lct »cn!ul 
image that his name evokes" Will it be more suita ^ ,Uncli he 

r Jones to appear unclothed" Still this is thc one . ocation 
s not generally seen and .association cannot accoun 
t ,hu lra "gc if hare knosvn Mr Jones 1^-'^ 
pearancc may has e changed greatly , his cellular su > j con limnt' 
Sfr. there ,s only a kind of ^ nfm.h a 

Car > tile name "Ralph Jones " though iden 1 1 dtrgo-a 

n n nam es a category of sensible appearances 4n u«hol* and 

” r '"ml experience of thc man is a s ast on ec Jn ( i ^ r fn Is 

' ""turalh wonder which of these is to n P"’V , proper r"J“’ 
"ben we hear Ins name The fact is that concrete p I* 
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are names of identity categories Living creatures have certain 
attributes separating them fiom nonliving objects Even the paits 
of speech may have begun as semantic classes now grown fuzzy and 
inconsistent through historical change to the point where semantic 
attributes are only probabilistic in their association with the functional 
classes All of this reminds us that language is more than a formal 
system It is a system co-ordinated with the nonlinguistic world 
The nature of these co ordinations is our next concern 

THE RELATIONS BETWEEN LINGUISTIC AND NONLINGUISTIC 
CATEGORIES 

Utterances are meaningful when they are co ordinated with non- 
linguistic or referential categories We discuss first the classical 
suggestion that the meaning is an image of the referent, an image 
evoked by the utterance We shall find that this proposal does not 
meet the requirements of a theory of linguistic meaning and we Will 
desert image evocation m favor of the act of discriminatory naming 
of entities This act is essentially the same as the operation accepted 
throughout this book as evidence that an individual has a category 
A verbal discriminating response has important properties not found 
in other discriminating responses with which we shall be concerned 
later (cf section on The Original Word Game, pages 284-295 

An experiment on verbal conditioning will introduce semantics into 
our discussion of language In a study by Razran (1939) printed 
words were shown to subjects while they were eating The words, of 
course, came to be conditioned stimuli eliciting the salivation re- 
sponse Whenever a conditioned response is established the effects 
of the training generalize so that the response tends to be elicited by 
new stimuli to the degree that these resemble the original conditioned 
stimulus In the present case new words were shown to the subjects, 
new words related to the original set as homophones, antonyms, or 
synonyms One of the original conditioned words was “style” 
Among tlm new words were both “stile and “fashion ” In printed 
orm stile closely resembles the original and m spoken form the 
two sound just alike “Fashion,” on the other hand, is quite unlike 
sty e in both appearance and sound However, Razran found that 
e response was more likely to generalize from “style” to ‘fashion 
t an rom style to “stile” If we are to continue to believe that 
generalization is determined by the degree of similarity between two 
stimu l we must assume that “style” and “fashion” are alike in some 
uay that does not directly meet the eye or ear Razran had used 
adult subjects In a related study Riess (1946) showed that, with 
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Bishop Berkeley (1710) in his attack on abstract ideas thought of 
some very difficult cases ' The constituent parts of the abstract idea 
of animal are body, life, sense, and spontaneous mobon By body is 
meant body without any particular shape or figure, there being no one 
shape or figure common to all animals, without covering either of hair 
or feathers or scales, etc nor yet naked, hair, feathers, scales and 
nakedness being the distinguishing properties of particular animals 
end for that reason left out of the abstract idea Upon the same 
account the spontaneous motion must be neither walking, nor flying, 
nor creeping, it is nevertheless a motion, but what that mobon is, it is 
not easy to conceive” (pp 9, 10) A composite portrait of motion or 
animal— the mind reels And what of virtue, justice, chanty? They 
will not sit for their portraits Berkeley again, 7 readily agree with 
tins learned author (Locke), that the faculbes of brutes can by no 
means attain to abstrachon But then if this be made the dishnguish 
“g property of that sort of animals, I fear a great many of those that 

pass for men must be reckoned into their number (p 14) 

Berkeley's subsbtute proposal is that ideas are always o some p 
‘mular thing When the word is generic the particular idea is sup 
P'emented with the knowledge that its accidental attribu es are 
sai y and that it stands for all particular ideas of the same sort 
when something is predicated of triangles a particular ‘ a ”g , 
‘“red but it IS understood that the predication applies to nU mangles 

Among the subjects of Francis Gallon (1907) was a young lady 'V 

nalt in such specific images Galton said to her, wan on 

about a boat,” and stopping there, he asked for her images , 

With his remark These came m a bubbling freshet ShehsdsfnJ 

S* 4 * large boat, pushing off from shore, full of ladies 
? e ladies dressed^ blue and white” (p SI) Ga,t ™ S p J 1 J utte d to 
. were not so naive Their images refused o ^ pun f 

ether the boat was a skiff, a wherry, a ar ® ' j 02ica ’jjy sound 
eir generic boat probably would not float bu l ' , gy a per- 

fn thinking about abstract images I have been disc g enta p 0 ns 
s °nal introspechve blank And yet I can recall I such F ^ ^ 
th a " Ima g es but as percepts In children s a p a ^lustrations 

J esse ntial, not the particular, apple In die on. jj^trations of 
aa , r ^ var k and zebra are of generic anirna s attention to es 

sem 1 , Ctl0nar y we can see how lt: 15 P° SS1 G . ° that certain attributes 
c ‘ a * a ttributes and to convey the mformatio category Loci'' 
,J he partlcu,a r representation are accidental for ^ 

g at these pictures I find that I ignore the The) ^-e all 

Valu « as well as the facial expressions of the animals 
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involve the same difficulties for an imagery theory of meaning as do 
the class names ordinarily considered to be abstract An utterance 
naming a completely specified referent would have to run on and on in 
this fashion Ralph Jones on Christmas day at 9 in the morning seen 
in right profile under artificial light by eyes naturally 18/20 corrected 
to 20/20, etc , etc 

The difficulty that bedevils the imaginal meaning psychologist is 
that Ralph Jones the man can change many of his attributes without 
affecting the propriety of the designation “Ralph Jones” He is 
equally himself whether shaved or unshaved, bathed or unbathed 
It would seem, however, that any visual representation of him must be 
either the one or the other Since these are noisy attributes of the 
identity category “Ralph Jones,” we do not know what value to give 
them in the generic representation Other attributes if changed will 
alter the propriety of the designation “Ralph Jones ” A certain rela- 
tion of facial features, a narrow range of heights, weights, and skin 
colors, are attributes essential to Ralph Jones Clearly these must 
appear in his essential image But with which noisy attributes are 
they to be combined'* 

John Locke (1690) dealt with this problem in connection with the 
abstract term “triangle” The idea of triangle he thought must be 
neither equilateral, equicrural, nor scalenon but all and none of these 
at once (p 509) The abstract idea might be a kind of average of 
the attributes associated with the individuals included within a genus 
We can imagine this representation to be constructed like one of 
Galtons composite portraits Galton obtained a generic photograph 
of epileptics using a single sensitive plate Each subject sat at the 
same distance from the camera with his full face turned toward it 
The same region of the plate was exposed for the same very brief time 
to each successive face Lines and features common to all or many 
subjects grew dark with repetition while occasional attributes were 
scarcely noticed The result was a composite portrait of many indi- 
viduals We can, on the other hand, imagine the generic idea to 
assume the modal attributes of the members of a class If Ralph 
Jones his usually worn his brown suit he will so appear m his imaginal 
representation If equilateral triangles are more common than any 
other variety then this will be the form of the triangle It is possible, 
also, that certain attributes are salient for the class though not neces- 
sarily most frequent The statue of Lincoln that appears in the Lin- 
coln Memorial may, for mysterious reasons, be the most Lincolnesqtie 
posture we know though perhaps less frequent than some other 
representations 
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pictures from Titchener Thus, ‘ The stately heroine gives me a flash 
a tall figure, the only clear part of which is a hand holding up a 
steely grey skirt” (p 13) And, ‘Horse is to me a double curve and 
a rampant posture with a touch of mane about it, cow is a longish 
rectangle with a certain facial expression, a sort of exaggerated pout 

tpw) , u 

Titchener is one of the few men who has ever claimed to have an 
Uflage of Locke’s abstract triangle The master imager describes it 
a s “a flashy thing, come and gone from moment to moment it ints 
» ... / , ° i n on a 


as a flashy thing, come and gone from moment to momem 
2 or 3 red angles, with the red lines deepening into black, seen on 
dark green ground It is not there long enough for me to say w et er 
the angles join to form the complete figure or even whether aU J or 
the necessary angles are given” (pp 17, 18) But now we no ce 
a startling thing about this image It is not the particu ar 1 vf.i 
'vith essential attributes selected for attention that Bishop er e y 
le d us to expect, nor is it the generic image Locke propose , 

^ntial attributes of the triangle concept are not deary r P 
Titchener is uncertain whether the angles join and even w , f 
? *rce angles Tins is no composite portrait o the populat.on of 
bangles It is a very personal Titchenenan triang e JS 

his other images the horse that is a rampant posture, ^ ® jj 0 

a pouting rectangle Titchener’s is an existential P s > c $L c illy 
reports what he sies with his minds eye not what the wwd log X 
re«ns But have these images the properties we require of linguist 

meanings? - Uy 

con« gU1StlC s >™ boIs are g enera!1 y ‘ hou S bt mentaT e reference 

nstant association with their referents _ . .i atln butes 
a r°used by the symbol should concentrate on e s hown to be 

0 these referents, the attributes which e^enence ^ ^st of 

invariably present The images reported by 1 dlsll il a bons of ex 
°se reported m his laboratory, are not such c accidental 

P c nence l n some cases the image derives r°m ^ dlC head 

*Penence Titchener s image of “but 'V S ^._t. encr S at behind him 
a speaker who often used this word while » nfTrior nic impression 

4he Platf0n ? In ° ther CaSGS 11 ,S ? Wuncbon'd importance 


* -— -**»»» xti uuici v<ww ; t tr ,p»«onaI importance 

f ? P 0ut of the cow— having no relation to t ’ e 0 f In Hot* 

e referent and never mentioned in any defi. n.nou < ^ „, ut 
0 lma ges reported are connected with the e ici (mage nrt) 

PPears to be a capricious variety of Ilssocl1 ‘ unacceptable or 
ass ume any form whatsoever Why arc such images 

meanings of words? . , „ „r lJie class of referents 

11,0 meaning image must be representatne 
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alike with regard to these attributes The gnat is as large as the gnu, 
as smooth and as stolid The illustrator means not to commit his 
representations with regard to these attributes Those dimensions on 
which all his animals manifest the same values are thereby signalled to 
be not significant dimensions m this case Consider, for example, the 
problem of representing the eyes of a generic animal Should they be 
open or closed? In life the two conditions alternate with both a brief 
and piolonged periodicity A composite portrait will be heavy-lidded 
but awake If they are open in all the animals one pictures (as m 
the dictionary) then it will be understood that the attribute is of no 
use for distinguishing between them and may be overlooked The 
wide open eye of the picture now does not mean that this animal is 
commonly in that state but rather that this feature of his facial ex- 
pression is not useful for identifying his generic membership Other 
features of the animals pictured in the dictionary are significant, the 
number of legs, arms and wings, the difference between hair, scales, 
and feathers, the total bodily contour To these we attend We 
expect these represented features to correspond to the actual features 
of the animals portrayed Equating attributes in an array of images 
is probably not the only way of causing us to disregard their values 
A feature sketched with conspicuous carelessness or perhaps only 
schematically described will also be understood to be insignificant In 
any case Bishop Berkeley with a little help from the dictionary enables 
us to conceive of the abstract visual image By one means or another 
attention is directed to the essential attributes of a particular image 
and withheld from those that are accidental 
There are two principal difficulties with an imaginal theory of 
linguistic meaning The first of these is the total inability of many 
men among them Bmet, Watt Buhler, and Woodworth, to find 
images for words they clearly understood The second difficulty is 
t at even those who report images as the meanmgs of all meaningful 
utterances often do not report images that properly represent the 
categories named in the utterance 

As all psychologists know, E B Titchener’s (1909) consciousness 
was a flood of brightly colored, often audible, and sometimes scented 
imagery J'Jo word however abstract, failed to evoke an image 
Meaning, for instance, was 'the blue grey tip of a kind of scoop 
which has a bit of yellow about it (probably a part of the handle) and 
which is just digging into a dark mass of what appears to be piastre 
material (p 19) He suspected the origin of this image to be the 
numerous injunctions delivered to him m his youth to "dig out the 
meaning of Latin or Greek plirases There are many other delightful 
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changes in synaptic resistance or neurone process growth) so that he 
is disposed to behave appropriately with regard to that utterance. 
The particular responses that are appropriate change with contingent 
circumstances. No single kind of response can be identified with 
language meaning but naming behavior is a salient element in the tota 
population of responses to which one who understands is disposed. 
The present treatment of meaning is limited to this behavior ecause 
it is essentially the same as the behavior studied in all the experimen 
re ported in this book. _ . v 

There are two important things to say about naming behavior, 
one who has already acquired a category the meaningful utterance or 
another can provide evidence that the speaker possesses e sa *j* 
category. For one who has not yet acquired a given category 
meaningful utterance of another can function as an attn u e 
category to be acquired. In the sections that follow. these <w p 
ciples are expanded and then their interaction in first-Iangu g 
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to which a word is applied in order to fill the function for which it is 
required One of the things that may be confidently expected of the 
man who understands the word “triangle” is that he will be able to 
identify correctly actual triangles and will not confuse them with 
circles or squares We can understand this process by analogy with a 
process of perceptual matching If I am to meet at the railroad sta- 
tion someone whom I have never seen it will be useful to carry with 
me a picture of that person I can recognize him by comparing the 
pictured face with the faces of the people leaving the train and will 
eventually find that correspondence of essential attributes that identi- 
fies my quarry We can conceive that a man is able to name triangles 
in analogous fashion, by comparing the temporary image in his periph- 
eral eye with the generic image in his mind's eye If there is cor- 
respondence in essential points the percept will be labelled with the 
name of the type What becomes of this explanation if the image is 
not an essential picture but is some sort of vagrant associate? With 
his image of the triangle Titchener must be expected never to apply 
the word to any percept for he will find none to agree with that mobile, 
flashing, and nontriangular triangle 
The accidental image is in every way inadequate to explain naming 
behavior It is unlikely, for instance, that any of us will say that we 
see Titchener s image of the triangle and yet we will call the same 
entities by this name as he would have done Accidental images are 
different from one individual to another and yet these individuals may 
agree perfectly in their denoting behavior Students in Titchener s 
seminars agreed with him in finding imagery to be the contents of 
consciousness but they did not agree on the specific images Where 
Titchener saw a colored scoop for “meaning one student saw a great 
scroll unrolling and another saw a tangled skein being straightened 
out These diverse images suggest no agreement at all on the mean- 
ings of words Language is a cultural possession, shared by members 
of a society The variable accidental image will never explain how 
we are able to agree m labelling the objects about us nor can it 
exp am how we are able to communicate with one another 

For a large number of meaningful utterances the ultimate criterion 
(ff understanding is the ability to use the utterance to name entities of 
the category identified Reports of imagery do not reliably predict 
this ability and so we abjure imagmal meaning and rely entirely on 
naming behavior as evidence of linguistic understanding The act of 
naming certainly is not the only land of evidence of linguistic under- 
standing It is my belief that when someone learns to understand an 
utterance his nervous system is partially “rewired” (in the sense of 
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meaning of this phrase To convey this concept to his students he ^ 
uses the denotation'll method The teacher sets before Ins pupils a 
series of instances of the concept the works of Shakespeare, Milton, ^ 
Donne, etc The pupils learn to refer to all of these as “great poems 
They probably are not asked to identify new instances of the concept 
When I A Richards (1929) asked Cambridge undergraduates to in- 
terpret and evaluate unfamiliar and untitled poems he tested their 
understanding of great poetry They disagreed with him and with 
one another Visual exposure to a set of poems cannot guarantee the 
abstraction of their qualities of greatness One student might notice 
that most examples are in blank verse or that all involve some use of 
metaphor Another student might recognize merit by the visceral - 
disturbance it sets up, another would find nothing common to the lot 5 
but a suffocating dullness Discovery of the common red quale in 
many long wave lengths seems to be fairly well guaranteed by a * 
healthy visual apparatus but the defining attributes of great poetry do 
not arise from the visual system alone They depend for their emer- ^ 
gence on the experience, cultural membership, and intelligence of the 
individual It is not surprising that individuals abstract quite different 
concepts from the same reading Evidently this is very commonly the 
case in aesthetic matters The general disagreement over contem- 
porary art testifies to that Many are discouraged by such elusive 
concepts and prefer to withhold judgment until an authoritative list 
of the great poems of the 20th century is published ‘ Time” magazine 
is very helpful about such things Only a few years ago it referred 
to Artur Rubinstein as one of the four great pianists of the century 
and then in a footnote listed the other three in rank order While we 
may not be able to agree on new instances m these areas we can all 
memorize a list 

How do we identify discriminating responses in the behavior of the 
Other One whose concepts are to be discovered? To begin with, the 
observer makes a judgment of equivalence, the “same” response is said 
to be generalized to a class of stimuli We do not often think of the 
rat s successful jumps or lever pressings as a category and yet it is per- 
fectly clear that no two jumps are identical These categories are 
used in a molar psychology that takes the “act ’ for its response unit 
Consequently the categories are not defined by the particular muscles 
activated but by a kind of functional equivalence determined by the 
character of the apparatus All jumps sending the animal hurtling 
through the correct door, all pressures producing a pellet, these are 
the categories The formal boundaries of the categories can be 
changed by altering the apparatus Moving the jumping stand nearer 
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pared If we are m the presence of an automobile namer, contrasting 
names can also be compared The utterance differs from nonhnguistie 
attributes in that it is not spatially localized with the car but emanates, 
instead, from a person It is a functional attribute of the Ford to 
elicit a particular utterance from properl) disposed and informed 
persons 

Since we are accustomed to thinking of color, size, and shape as at 
tributes, it seems a little strange to call the name of a categor) an 
attribute There is reason to believe that the name attribute has not 
always seemed so unlike the other attributes of a category igots y 
(1939) wntes “When children are asked whether it is possible to re 
place the name of one object with that of another, for instance to ca 
a cow ink, and ink a cow, they answ er that it is entirety impossi e 
because ink is used for writing and the cow gw es milk. The exchange 
of a name means for them also the exchange of the qua ities o ie 
objects, so close and inseparable is the connection between e 

The semantic utterance is only one vanet) of sociall) function 
attribute All sorts of discriminating responses are sue a 
the person who does not )et possess a concept but is concern 
learning it from the behavior of others and from tlie environment in 
which they behave The biology professor wall group us 0 £ 

specimens m one exhibition case He wall dismiss the ^ 

the various coelenterates in the same week. Our kin are g ^ 
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pnee of Christmas gifts the occasions for kissing t e 1 ei 

*ug for a loan And so with all categories Thcj, ma> be markedout 

b) wanking salivating embracing and in a 035 - is a sys 
Speech differs from these other selectiv e responses in p j, oncin cs 

tem constructed from a small set of recurrent dements *h p ^ 

It differs also in its breadth of coverage There is 3 thcrC fs 

ancc for practically every concept we hck considers it 

n °t jet such an utterance the man who disco 

bis first civilizing dutv to create one . entire con 

because speech is a system providing attn u mc t j, e a ttrf 

coptual repertoire of a culture it would be P®” 1 J t vccn concepts 
butes of the utterances to represent the *daU°m betwren^ ^ 
ponsidcr the categories of color vision. _ . ^jor solid 7*5 

hons of just noticeable differences obtainab c book Sden'r 

million is estimated in the Optical Socictv o about rigb* 

Cobr (1953) In American Eng^ S^ 

^monlj used color names EvidentK we ca.eg 



278 A Study of Thinking 

concept approaches certainty If a biology professor in his first lec- 
ture uses the word coelenterate lie establishes an empty category to 
be filled m later This is not the sense of empty category used earlier 
in the booh a category with known attributes but no known instances 
We have here an empty category in the sense that nothing is signalled 
by the unfamiliar word except the existence of a category The pro- 
fessors “new word functions as a lure to cognition It attracts 
thought in a way that his other actions— wagging his head while he 
talks, stumbling against the platform— do not It is not necessarily an 
invidious thing to say of a new study that “it is just a lot of new 
words Chemistry, sociology, and psychology all have their own 
vocabularies The words are handed out early in the term like empty 
containers to be filled with experience The pejorative sense of the 
students’ complaint is clear in a full translation, This course is just a 
lot of new sounds for familiar concepts ' It is a stupid nuisance to 
learn new names for old meanings The value of a neologism is that 
it signals a new concept to be formed This signal has so often proved 
misleading that some authors do not signal their new concepts with 
neologisms, preferring to alter the sense of familiar words Perhaps it 
is a less frankly ambitious undertaking, a more modest rhetoric 

Wc take a new word as a lure for cognition because in a long ex- 
perience of language we have learned that such utterances are attri- 
butes of nonhnguistic categories and that these categories are ordi- 
narily worth learning Of course, an utterance is a category m its own 
right, a category defined by functional and stimulus attributes within 
the speech system But the semantic utterance is also a selective 
response elicited by some array of nonhnguistic stimuli For a person 
who does not yet categorize this array the utterance he hears from 
another can function as an attribute of the nonhnguistic category 
Ford cars produced in 1954 constitute an array of objects having cer- 
tain visible attributes a characteristic length, fender line, and distribu- 
tion of chrome plate Another attribute of this array is its ability to 
elicit the name “1954 Ford ” This name is likely to be heard or seen 
when members of the category arc in one’s visual field 
The semantic utterance is a socially contingent attribute It will 
not be heard unless someone is about who is disposed to name auto- 
mobiles In respect of tins contingency the utterance is like many 
nonhnguistic attributes which arc also contingent on particular cir- 
cumstances The characteristic front grill of the Ford is an attribute 
that cannot he used m categorizing automobiles unless one takes up a 
position from w Itlch the grill can be seen If w e face an array of nuto- 
mobiles at the Automobile Show' their contrasting grills can be com- 
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pared If we are in the presence of an automobile namer, contrasting 
names can also be compared The utterance differs from nonlinguistic 
attributes m that it is not spatially localized with the car but emanates, 
instead, from a person It is a functional attribute of the Ford to 
elicit a particular utterance from properly disposed and informed 
persons 

Since we are accustomed to thinking of color, size, and shape as at- 
tributes, it seems a little strange to call the name of a category an 
attribute There is reason to believe that the name attribute has not 
always seemed so unlike the other attributes of a category Vigotsky 
( 1939 ) writes “When children are asked whether it is possible to re- 
place the name of one object with that of another, for instance to call 
a cow ink, and ink a cow, they answer that it is entirely impossible, 
because ink is used for writing and the cow gives milk The exchange 
of a name means for them also the exchange of the qualities of the 
objects, so close and inseparable is the connection between the two” 

(P 36) 

The semantic utterance is only one variety of socially functional 
attribute All sorts of discriminating responses are such attributes for 
the person who does not yet possess a concept but is concerned with 
learning it from the behavior of others and from the environment m 
which they behave The biology professor will group bis coelenterate 
specimens m one exhibition case He will discuss the anatomies of 
the various coelenterates in the same week Our kin are distinguished 
by more than kinship terminology Categories are marked out by the 
price of Christmas gifts, the occasions for kissing, the likelihood of ask- 
ing for a loan And so with all categories They may be marked out 
by winking, salivating embracing, and— in all cases— by speech 
Speech differs from these other selective responses in that it is a sys- 
tem constructed from a small set of recurrent elements, the phonemes 
It differs also in its breadth of coverage There is a distinctive utter- 
ance for practically every concept we possess and whenever there is 
not yet such an utterance the man who disco\ ers the lack considers it 
his first civilizing duty to create one 
Because speech is a system providing attributes for the entire con- 
ceptual repertoire of a culture it would be possible to use the attri- 
butes of the utterances to represent the relations between concepts 
Consider the categories of color vision There arc, as ue know, mil- 
lions of just noticeable differences obtainable from the color solid, 7% 
million is estimated in the Optica! Society of Americas book. Science 
of Color (1933) In American English, there are only about eight 
commonly used color names Evidently " c categorize colors Sup- 
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pose that a native speaker of English is presented with a large assort- 
ment of colors— the Holmgren yams or the Munsell collection— and 
he is asked to group them according to hue, making piles of those that 
belong together and ranging the piles in order of similarity to one 
another He would probably make a small number of piles, six or 
eight, and arrange these with the longer wave lengths at one end and 
the shorter at the other, possibly making a circle to suggest that the 
shortest wave lengths begin to resemble the longest 
Suppose this subject were next asked to give the common names for 
the various points m the color solid We should find many of these 
called “red ” The various pronunciations of “red” would vary but no 
phonemic boundaries would be crossed Moving along the hue di- 
mension in the solid we should eventually receive a “new” response, 
“orange ” This is clearly a new morpheme varying m many phonemes 
at once Taking another direction in the solid we should arrive at 
“pink,” likewise a new morpheme As each conceptual boundary is 
crossed there will be a phonemic change in speech Within the con- 
cept only free variation in noncnterial attributes will occur in the sub- 
ject’s speech The groupings of the nonlinguisbc sorting are pre- 
served in this labelling behavior but the distance between categories 
is not preserved This could be accomplished by making the phone 
mic change proportional to the distance between the color groupings 
For example, as we move from the longest wave lengths to those some- 
what shorter, we ought not to squander phonemes on a great splurge 
of a word like “orange ” Since this category is immediately adjacent 
to 4 red,” let us give it a name in which only the vowel is changed, and 
that change to the vowel nearest on the vowel chart Orange ought 
properly to be called [rasd] We could then move through the vowel 
chart as we move through the groups of colors, keeping the phonemic 
change proportional to the cognitive remoteness of the categones 
There would be time enough to change more than one phoneme when 
we moved into a new sense modality 
With very few exceptions the phonemic attributes of speech are 
not isomorphic with intercategonal relations Jespersen (1922) re- 
ports a case in which two children invented a language that made 
limited use of this higher degree of isomorphism They used the 
form "bar for place and lengthened the vowel proportionally to the 
size of the place So the a owel would lengthen as they moved from 
ullage to town to city The Guarani Indians express the past tense 
with the suffix “-yma" pronounced more slowly as the temporal re- 
moteness of the event increases In English aae have the word 
“brunch” phonemically between breakfast and lunch as the meal is 
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temporally. These are rare exceptions Speech, in general, does not 
use its phonemic attributes m this way The phoneme ordinarily 
serves only to identify equivalent and nonequivalent stimuli 
Relations between categories are expressed by many different tech- 
niques Consider, for instance, the sensory proximity and remoteness 
of hue categories The sensory order could easily be reproduced in 
the word order “red, orange, yellow, green, blue, and violet” The 
chronological sequence of breakfast, lunch, and dinner is reproduced 
in this sentence Word order is conventionally used m English to 
convey subject-object relations as in the familiar contrast “Dog bites 
man” versus “Man bites dog ' Word orders are easily revised to ex- 
press a variety of relations Perhaps the most common means of in- 
dicating mtercategorial relations is the use of a free or bound mor- 
pheme naming the relation The preposition ‘in” describes spatial 
containment m the phrase “the soup in the bowl ” The affixed “-s’ 
expresses possession in “dads car ’ The stimulus attributes of a name 
do not present a category m any particular relation but leave it free 
to be presented in infinitely varied relations through the flexible com 
bmational resources of the language 

It is necessary to remember that the semantic utterance, as a lin- 
guistic category, has functional as well as stimulus attributes The 
sequence of phonemes comprising the word “stand” would be used by 
a speaker of English to label objects and events belonging to quite dif- 
ferent categories Music stands, vegetable stands, and a child who 
stands are functionally equivalent m their ability to elicit this word 
Yet these are distinct nonhnguistic categories Learning to recognize 
one array does not teach us either of the other arrays The categories 
are not really equivalent m the names they are disposed to evoke 
When “stand” is used to label one kind of stand, it functions as a 
noun in contexts concerned with music, for another kind of stand the 
word is a noun m contexts concerned with the sale of vegetables, and 
in a final case “stand functions as a verb If the three arrays were 
put m direct contrast and a subject asked to provide names he would 
probably use expanded names These can be created by annexing a 
particularly characteristic bit of context as in music stands, vege- 
table stands” and “standing up” Distinctive phonemic sequences 
are likely to be used when a need exists to demonstrate the functional 
nonequivalence of these categories 

In the infant cries that are the precursors of speech there is a hind 
of innate isomorphism with the nonhnguistic circumstances that 
arouse the cries This isomorphism makes the cries especially useful 
functional attributes Something of their continuous isomorphism 
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survives in intonation and, more particularly, in exclamations and in 
song Sherman (1927) asked graduate students, medical students, 
and nurses to try to identify the causes of crying in children (three 
to seven days old) who were concealed behind a screen It is well 
known that the adults were unable to judge correctly and this result 
has been taken as evidence of the random character of early vocaliza- 
tion It is not as well known that Sherman equated the cries in in- 
tensity and duration He did this because, in preliminary trials, these 
dimensions of the crying gave away the nature of the difficulty The 
duration of the cry was proportional to the duration of the trouble 
causing the cry Furthermore an abrupt stimulus gradient such as 
that caused by a pm prick resulted in an abrupt response gradient 
A slower gradient such as that attending hunger resulted in a grad- 
ually intensifying cry The loudness of the cry was generally pro- 
portional to the intensity of the discomfort The rhythmicity of 
hunger and colic pains was preserved in a crying rhythm In all these 
respects the cries of the child were isomorphic with his internal 
states We do not ordinarily think of intensity and duration as se- 
mantic dimensions However, the musical aspects of adult speech 
are often meaningful, not in the sense of presenting concepts but in 
the sense of expressing the speaker 
The earliest written symbols were representational Such a symbol 
manifests some of the criteria! attributes of the category of objects or 
events to which it refers While a stick figure has not the color, size, 
or tridimensionahty of a human being, there may be a rough equiva- 
lence of relations between the lines of the figure and the trunk and 
limbs of a man Sketches of the moon and sun lack the luminosity 
of their originals but preserve the contours Speech forms, also, are 
sometimes representational with the sound of the movements of 
articulation exemplifying attributes of the category signified The 
onomatopoeic word is like the sound it names and the vocal gesture 
imitates movement that is not articulational 
When a name or a written symbol is representational it is possible 
to translate the name or symbol when one has not been given the 
specific rule of this translation This is not to say that representa- 
tional names or symbols can be translated quite without benefit of 
past experience It is necessary, first of all, to possess the category 
that is the referent of the name Perhaps this is sometimes the only 
prerequisite to a correct translation It seems likely, however, that 
even line drawings of a buffalo or of the half moon will not be rec- 
ognized unless one has learned that all such drawings preserve the 
contours of their referents while neglecting other, usually critenal, at- 
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tributes With this general rule, however, it would be possible to 
translate many representational sjmbols without specific prompting on 
each symbol To discern the onomatopoeia in "cock a-doodle-doo” 
and such foreign equivalents as ktkertkt and coquelico it is necessary to 
realize that the call of the rooster does not contain these specific 
vowels and consonants but that it does fall into multiple acoustic di- 
visions as do these polysyllabic words and that each division begins 
abruptly as do the plosive consonants of the words 
The ability to translate, with better than chance precision and 
without training on specific word referent linkages, is to be found with 
some words that are neither onomatopoeic nor imitative of movement 
The basis of such phonetic symbolism is difficult to determine Sapir 
(1929) and Newman (1933) created nonsense syllables of the con- 
sonant-vowel-consonant variety and varied the vowels while keeping 
the consonantal environments the same (eg, Mal-Mi!) These syl- 
lables were put together in all possible pairs and subjects asked to say 
which of the two suggested the larger object, the brighter object, etc 
They found that different syllables carried quite different implications 
(eg, Mai seemed to most subjects to suggest something larger than 
Mil) Brown, Black, and Horowitz (1955) had English speaking per- 
sons listen to antonymic pairs in such unfamiliar and unrelated lan- 
guages as Chinese, Czech, and Hindi They provided their subjects 
with the comparable English pair in each case and asked them to 
match the foreign word with its translation Subjects agreed very 
closely among themselves, 91%, for example, matched ch tng wit i 
“ light’ and ch’img with “heavy” They evidently shared some con- 
ception of the likelihood of various meanings being attached to a 
given sequence of sounds Phonetic symbolism, the usual name for 
this phenomenon, is inappropriate in so far as it implies that a e mte 
meaning is suggested by unfamiliar speech It is only rare y possi 
to make an absolute and unprompted translation of a morpheme from 
an unfamiliar language Such sounds are not certainly linked in our 
minds with any concepts but we can judge the likelihood that a sound 
symbolizes something large rather than small, something dark rathe 
than light, blunt rather than sharp Members of a speech community 
agree very well on these semantic probabilities Tins may be becau 
then: acquaintance with a common language has fam.lmnzed them 
with the sound meaning correlations of that language The fact that 
subjects in the study of Brown, Black, and Horowitz madc corr^ 
translations with better than chance success suggests 
ternative explanations There may be in nature corre a i 
sounds and other sense data which impress themselves on men eveiy 
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where Perhaps for example, large waterfalls produce deeper sounds 
than small waterfalls On the other hand, there may be attributes 
that have a natural intersensory application for all men-there is a 
volume of sound as of space If either of the latter possibilities is 
correct subjects from unrelated to English speech communities should 
agree fairly closely with English subjects on the semantic probabilities 
of foreign words If these probabilities are entirely a cultural matter 
we would expect little agreement To decide between these interpre- 
tations the Brown, Black, and Horowitz study is being repeated with 


Chinese and Navaho monolmguals 

In summary, then, a name is itself a category— a category of sounds 
It is furthermore an attribute of a nonhnguistic category since in- 
stances of the nonhnguistic category have the property of evoking the 
name The name is never the only kind of distinctive response 
evoked by a category but names are peculiar among such responses 
in that they have a common structure All the names of a given lan- 
guage are compounded of the same small number of phoneme at- 
tributes and there is a response of this type, a name, for practically 
every concept a man possesses In general, names do not present con- 
cepts in any kind of fixed relationship, they simply indicate equiva- 
lence and nonequivalence In some cases more than this is signalled 
The meaning of a name can sometimes be guessed because it dupli- 
cates attributes of the referent category or because of systematic, 
though arbitrary, relationships in a language between the attributes 
of names and the attributes of referents 


The Original Word Game In the Original Word Game one learns 
to speak a language There must always be someone who knows the 
language (the tutor) and someone who is learning (the player) The 
movements of the game are, in outline form, as follows The tutor 
speaks the language in accordance with the semantic and grammatical 
custom in his community The player observes the performance of 
the tutor and learns to recognize equivalent utterances The player 
forms hypotheses about the nonhnguistic categories eliciting particular 
utterances In forming the categones of speech and the nonhnguistic 
categories that govern speech the player is seldom able to control the 
selection of instances These are presented to him, sometimes in a 
random manner, sometimes in a systematic order determined by 
parent, teacher, or informant The player is, therefore, concerned 
with reception strategies He tests Ins hypotheses about the non- 
hnguistic categories by attempting to produce the utterance in ap- 
propriate circumstances The tutor compares the player’s utterances 
with his own anticipations of such utterances and, in this way, checks 
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the goodness of fit of the players concepts with his own. He im- 
proves the fit by correction. In simple concrete terms the tutor says 
“dog“’ whenever a dog appears. The player notes the equivalence of 
these utterances, forms a hypothesis about the nonlinguistic category 
that elicits this kind of utterance, and then tries naming a few dogs 
himself. 

All of us have been players of the Original Word Game, as children, 
as students, or as anthropological linguists. The player with the 
greatest handicap is the child. He must learn the motor skill of pro- 
ducing linguistic utterances and must also learn to categorize both 
speech and nonlinguistic reality in conformity with the habits of the 
tutor. These part processes are the rudiments of the game. They 
can be picked up one at a time or all three can develop together. For 
the child this process of first-language learning is also the process of 
cognitive socialization. The categories of the parental tutors are, in 
large measure, the categories of the culture. 

The Motor Skill. Speech as a response is an operant rather than 
a respondent. We cannot elicit utterances from a child but must 
wait for them to be emitted. For some reason children vocalize very 
frequently and this vocalization moves in the direction of the speech 
patterns of the family. This drift in the direction of language may 
be produced by selective reinforcement coming from adults. They 
will favor a vocalization to the degree that it approximates a recog- 
nizable speech pattern. Mowrer (1950), in his efforts to train birds 
to talk, found that it was necessary to nurture the bird while speaking 
to it. Under these circumstances, Mowrer reasons, the speech of the 
trainer becomes a secondary reinforcer. When the bird in isolation 
produces sounds it will be rewarded by those that most resemble 
human speech and this generalized secondary reinforcement wifi in- 
crease the probability of humanlike sounds until they dominate the 
bird’s song. In similar fashion we may suppose the child’s babbling 
will change in the direction of speech. Finally, control of speech is 
probably gained through some sort of imitation— both the matched 
dependent and copying behavior described by Miller and Dollard 
(1941). The contention of Miller and Dollard that imitation is a 
learned technique is supported by the many studies of speech ac- 
quisition which report that true imitation does not occur until the 
eighth month or later. It is not clear that even all of these mech- 
anisms are adequate to explain the motor control of speech. Of one 
thing, however, we may be certain. The player of the game can 
practice speech sounds and the tutor can selectively reinforce without 
worrying about the patterning of the sound. Tlius a child may prac- 
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tice saying “dog as a response to the utterance of this word by his 
tutor rathei than as a response to instances of the category Or he 
may say it in response to one member of the category, never learning 
to identify new instances Motor control is, then, just one of the 
rudiments of the game 

The Perception of Speech Dorothea McCarthy (1946) in her re- 
view of the literature on acquisition of language by children con- 
cludes that speech comprehension precedes the ability to produce 
speech The evidence for comprehension is usually the child s ability 
to designate some object or objects in response to a command In 
most cases it seems not to have involved the identification of new in- 
stances and, on that account, we should hesitate to credit the child 
with the concept in question The ability to respond to a command 
such as Show me your book by pointing to a particular book is not 
sufficient evidence that the child knows the meanings of these terms 
The ability does, however, have important implications It tells us 
little about speech comprehension but much about speech categonza 
tion If the child can respond appropriately to a variety of com 
mands then he must have learned to recognize certain utterances as 
equivalent and others as distinctive He has made a beginning with 
the problem of perceiving speech as it is perceived by his community 
Even on this very simple level we are likely to make erroneous con 
elusions unless controlled observations are made Meumann (as re 
ported m Lewis, 1936) found that his child could respond to the 
question Wo ist das FcnsterF by pointing to the object in question 
He was tempted to conclude that the child understood the question 
but decided to follow it with Ou est la fenetre ? ’ To his amazement 
the child responded as before and did so again when asked “Where 
is the window? It would have been unreasonable to conclude that 
the child was trilingual In answer to a fourth question, Wo ist die 
Tur?” the child again indicated the window Evidently he had not 
been responding to phonemic patterns at all but to the interrogative 
pitch contour which was common to the four questions Many ob- 
servations suggest that children do not at first categorize speech in 
terms of the finicking phonemic contrasts the community insists upon 
but are at first disposed to attend to the pitch contours the loudness 
patterns, and the emotional qualities of vocalization Had Meumann 
instituted discrimination training the child would have revised his 
categories When his response to “Wo tst das FensterF’ was rein- 
forced and his response to Wo tst die TurF’ not reinforced he would 
ha\ c re crammed these equivalent stimuli and eventually discovered 
at least one of their differences 
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There are indications that considerable time is required for the 
speech categories to be apprehended in their full complexity Joos 
(1948) estimates that this learning is not complete before puberty 
Goldstein (2948) reports that aphasic patients sometimes retain the 
ability to understand the speech of the members of their immediate 
family though the speech of strangers, especially those with regional 
dialects or accents, is unintelligible We have little information on 
the evolving perceptual categories of speech though it is clear that 
such information is of great importance to the psychology of language 

The infant can learn to categorize speech by learning to pattern his 
pointing responses to such commands as Show me your nose, show 
me your eyes, show me your toes, etc In tlus case the perception 
of speech is an isolated rudiment of the game It can be combined 
with learning motor control m the process of copying speech The 
player attempts to approximate the speech of his tutor His efforts 
are approved or corrected and in that process he learns to recognize 
the equivalence or nonequivalence of the sounds his tutor produces 
and the sounds he produces Even this complex process is not the 
complete word game It leaves out the most critical aspect the 
categorization of the nonhnguistic world the formation of the con 
cepts that pattern speech 

The Categorization of the Nonhnguistic World We might learn 
to categorize the nonlinguistic world by testing hypotheses formed 
from sensory contact with that world Presumably there are sensory 
attributes which have a kind of prepotency for the child He might 
begin by categorizing in terms of these attributes Perhaps he treats 
all shiny coins as equivalent and distinct from the array of dull coins 
He reveals this concept to his tutor by giving some equivalent re- 
sponse to the shiny range and another response to the dull range 
This response could be verbal or nonverbal He might call one 
group dimes and the other pennies, or he might kiss the one group 
and throw the others away His tutor could then correct tlus cate- 
gorization and eventually the child would learn the proper designa- 
tion for each kind of coin Clearly this process would be an im- 
mensely complicated one Nonhnguistic reality is categorized in 
terms of an enormously varied population of attributes There is an 
economy available to us here in the fact that speech can provide 
a first level categorization of all social reality in terms of a smaller 
number of attributes 

The experimenter m a concept attainment stud) uses the responses 
of his subject to infer the concepts of that subject An arra) of 
stimuli given an equnalent response is categorized together Sup- 
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pose, for a moment, that a child who is playing the game uses the 
responses of his tutors as a guide to equivalence and difference m non- 
lmguistic reality He could have a cue to what is edible and what is 
inedible by noting what is eaten and what is not eaten Mother 
might be distinguished from father by the fact that his uncle kisses 
the one and shakes the hand of the other The categories “bed,” 
“chair,” and “floor” could be distinguished by noting which entities 
are lain upon, sat upon, and stood upon In each realm of experi- 
ence we have a different set of response categories giving evidence of 
concepts Using the nonhnguistic responses of others as a guide to 
the categories of reality we should have to learn a set of response 
equivalents very nearly as complex as the stimulus equivalents in the 
world This point is difficult to see because we are so familiar with 
such response categories as sitting, standing, or kissing The point 
may be clearer if we imagine a community in which kin of one sort 
elicit a nod of the head m their direction while kin of another sort 
elicit a nod in the direction of the dwelling of the wife’s family We 
could not discover these kinship categories until we learned to classify 
properly the two kinds of nod and this might take considerable learn- 
ing 

In a particular case the player might notice a response on the part 
of his tutor— a movement of head, of eyes, and hands His problem 
is to discover the defining attributes of this response so that he can 
identify a recurrence and use this functional equivalence as an at- 
tribute of the governing nonhnguistic concept The difficulty is that 
he does not have proper knowledge of the list of attributes of non 
linguistic discriminating responses He is not in the position of the 
subjects of Bruner, Goodnow, and Austin who are told beforehand 
that attributes consist of the number, shape, and color of certain fig- 
ures The player has the problem of attribute analysis He can 
scarcely use the wholist or focussing strategy since this would require 
him to hold all attributes of the first instance in mind and the at- 
tributes are not yet identified He is more likely to use a part scan- 
ning strategy, betting on one feature of the response and probably 
forced to revise his hypothesis a good many times 
With regard to linguistic responses the player is m a more favorable 
position From a relatively small number of experiences of speech 
categories it is possible to discover all the defining attributes of any 
future utterances— the phonemes of the language It is, furthermore, 
possible to loam that any semantic utterance will be a conjunctive 
category defined by phonemes in a particular sequence Once the 
speech s)stem has been grasped, then, there really is no problem of 
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category attainment so far as linguistic utterances are concerned A 
subject in the experiments reported by Bruner, Good now, and Austin 
knows in advance that there are three values for each of four at 
tributes that may help to define the category m question The sub- 
ject does not, of course, know which of the attribute values present 
in an initial positive instance are defining of the category to be at- 
tained To find that out is the experimental task The player of the 
Original Word Game who hears /kict/ knows that these three 
phonemes, in the sequence given, define the speech category He 
has only to remember the response in these terms to recognize new 
instances The player is not, of course, in this position when he first 
hears speech The point is that his experience in forming the first 
speech categories can bring him great secondary benefits Incidental 
learning of the structure of speech can teach him to perceive new u 
terances in proper categonal fashion The study of nonhnguistic re 
sponses cannot yield such benefits since these responses o no 
constitute a system It has been suggested to me by M a ac 
a partiality for linguistic cues in the formation of concep is 1 
kind of strategy, a content selection strategy, since 1 11 s P ar ia ^ 
maximize information, decrease cognitive strain, and regu a ® 

The Game is not complete when the player is a e o c . 
the speech of his tutor He must discover the stimulus i a 
governing the tutor's verbal behavior The child s parcn 
always be nearby to tell him what is “hot He must learn t g 
nize hot things by their stimulus attributes . ««„n-ilent 

Once we have learned what is distinctive an ' v 13 / j lure he 
J n a man’s speech we have a key to Ins thought an o 
represents Consider the categories ball and stnk ^ ^ 

These are extremely complex categories n erms jpinf r to- 

tributes there is little likelihood that «e '' ou “ «, 
gether a pitch over the plate at the proper height, a s»i S non 
and a hit that falls foul, jet all these are sfrikes ^ ™ tha , ,| )C 
linguistic response it might take some time or us Qr that 

Matter manifests some degree of chagrin after an> one o. 

''hen three of these occur he leases the plate S-ctted 

“Ugout Tlie response equivalences here arc j,avc oc- 

Walking forward in the right direction means (<nm m rans that 
curred Walking in the same direction with on fifW Con 

enough strikes have accumulated to send iem ^ jje 
s, dcr how the umpire makes concept fo™ 11 1 locates the entitv 

>"ul. entitj as a ‘Strike'' or a -Bill'- Tl.e slio, lex™ 

"> rprcc and time It si)s, 'Lool >'"C and non 
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equivalence of his many shouts of Strike and their class difference 
from the cries of Ball tell us what entities go together and which 
are distmct In speech we have a small number of highly available 
attributes providing a first approximation to all concepts We have 
a common currency of cognition 

The utterance attribute will orient the player toward contem 
poraneous stimuli and will tell him when the important nonlinguistic 
stimuli recur Even with these aids the categorization of nonlinguis- 
tic reality is a formidable problem In the beginning there is no 
listing of attributes and no possibility of holding in mmd the total 
nonlinguistic circumstances accompanying a given utterance and, 
therefore no possibility of using a wholist reception strategy With 
experience certain attributes favored in the culture, will be noticed 
and can serve as a basis for first hypotheses Because of its sys- 
tematic character language can again be helpful If, for instance, 
the parts of speech have a reliable semantic, then knowledge of the 
part of speech membership of an utterance could guide the player m 
his selection of attributes If nouns usually name persons or places 
then a nominal utterance (recognized as such from its speech con- 
text or its phonemic structure) would suggest which kinds of non 
linguistic attributes were likely to be significant Once a first lan- 
guage is learned it will strongly affect our attempts at translating a 
new language If we hear a brief continuous utterance from a native 
who holds a coconut in his hand we will identify the utterance as a 
word and guess that it means coconut or hand or holding since these 
are nonlinguistic categories coded by words in our native speech 
For many closely related languages one or another of these few hy- 
potheses is likely to be correct If the new language is a polysyn- 
thetic tongue in which the category “man grasps food in-right hand” 
can be expressed m a word we might guess wrongly for a very long 
time Our conception of the kind of category that can elicit a word 
would lead us astray 

No brief treatment can do more than suggest the ways in which 
linguistic utterances are able to facilitate the acquisition of the con 
cepts that one must possess to participate in a culture Changing 
word order in English so as to reverse subject-object relations has a 
consistent meaning and so directs us to the nonlinguistic changes 
that may be expected to accompany this juggling of linguistic se 
quences Appending “ ed” to an utterance identifies it as a verb m 
the past tense and, to one familiar wnth English, this is sufficient in- 
formation to suggest the changes that have occurred in the nonlinguis- 
tic category eliciting the unmfleeted a erb In general, the systematic 
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phonology and grammar of speech reduce the number of hypotheses 
about the nonlinguistic category to a relatively probable few. 

, In any case, however, the player must test his hypotheses. The 
beauty of the Game is that the player can now produce utterances 
as responses. The tutor can use the phonemic structure of the lan- 
guage to infer the categories of the player and can cause revision of 
these categories by correcting the players usage of terms. The small 
boy who generalizes incorrectly from his father’s naming behavior and 
calls any animal that goes on all fours a “dog” will be corrected until 
he learns to identify new instances correctly. To play this second 
part of the Game it is necessary to be able to produce approximations 
of speech sounds. Still, a parental tutor may allow considerable 
latitude here, tolerating “bow wow” until the child has grasped the 
category and then concentrating on changing the label to dog. 
Both aspects may be worked on at once with the tutor correcting both 
usage and pronunciation. This Game may be played concurrently 
with many other activities. The child and his father can play as they 
walk along the street, father naming, child trying, father correcting. 
Concepts can be learned without direct contact with ultimate at- 
tributes that may have serious consequences. The child may be told 
by his father when it is “safe” to cross the street. After a while the 
child will tell when he thinks it “safe” and the father will correct his 
usage. When the child can pattern the word “safe” as the father 
patterns it in his mind the father will attribute to him the concept in 
question. He may then allow the child to cross streets alone. e 
whole process of trial and correction can be accomplished using the 
name as a surrogate for action that would have brought e c mo 
perilous contact with the ultimate attributes of the traffic itself. The 
laboratory concept-attainment experiment is likely to er r °m 
usual situation in that the ultimate attributes of the concept will be 
the experimenters verbal behavior. A subject learns the concept so 
that he can anticipate whether the experimenter vnll .denhfy car^ 
as instances of the concept. There is no purpose beyond tins n he 
learning. In the child’s learning, parental speech » not «4r the 
ultimate attribute. Beyond this there will usually be phys.cal cr 
social attributes of the greatest importance. f hires 

We have conducted^ little experiment to “£3 

of the Word Game. Farnsworth has develop^, w * the MunseU 

Saturation td^gh^sTe 

“satfv^ smal^ 1 perceptual gap SX each adjacent pair of 
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the series The subject is shown this senes of chips and told that 
the experimenter has a way of classifying them It will be the sub- 
ject’s job to discover this classification The experimenter moves the 
series behind a screen and then exposes them one at a time (in 
random order) naming each chip with a nonsense syllable The sub 
ject simply watches this process until all eight have been named 
He is then ashed to group the chips as the experimenter has grouped 
them with his verbal behavior 

As Figure 15 shows there are four groups of two chips each The 
groups are named [ma], [ma ], [mo], [mo ] The difference between 
[a] and [o] is phonemic in English but the diffeience between the 

ma ma ma ma mo mo mo mo 

OO O OOOO O 

A English speaking subjects 

ma ma ma ma mo mo mo mo 

OO O OOOO O 
B Navaho speaking subjects 

ma ma ma ma mo mo mo mo 

OO OOOO OO 

C Unequal sensory distances between categories 

Indicates point of division between categories made by subjects 

Figure 15 Categorizations of eight color stimuli in terms of nonsense names 
varying in phonetic characteristics 

long and short forms of each vowel is not To produce the proper 
length the experimenter thought of a voiceless consonant to follow 
the short form and a voiced consonant to follow the long form Thus 
he pronounced [mo] by thinking Mote” and [mo ] by thinking 
“Mode ” 

Fifteen Harvard students whose native language is English, after 
hearing one series, generally divided the colors into two groups of four 
chips each as m Figure 15 The line of division corresponds to the 
line of phonemic change They do not make a line of division where 
the \oucI changes in length With four repetitions the subjects per 
sisted in their two group classification 
In the Na\aho language vowel length is always a distinctive fea- 
ture Each \owcl has a long and short form and these are different 
phonemes Fifteen monolingual Navahos given the same problems 
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of concept attainment by A Horowitz generally divided the colors 
correctly into four classes of two colors each as m Figure 15 and per- 
sisted in this division through four repetitions 
We know that English subjects are able to distinguish the pro- 
longed vowel from the short vowel, probably as easily as the Navaho 
When we rejected their two-group classifications as erroneous they 
eventually discovered vowel length and the proper grouping of 
colors Many then remarked that they had noticed some variations 
in the naming but assumed they were accidental We could have no 
better statement of the cognitive status of nonphonemic variations 
They are not purposeful and significant as are phonemic changes 
The Navaho subjects did not assume that the variations in vowel 
length were accidental Once the English subjects learned that this 
dimension was significant they made no errors in identification 
The groupings produced by both English and Navaho^ subjects 
were isomorphic with the groupings they heard in the tutors speech 
Having different sets of cnterial attributes (phonemes) for speech 
they came up with rather different groupings When the Eng is 
speaking subjects were corrected they re examined the tutors speech 
and discovered the attribute to which he gave significance 

Fifteen new English speaking subjects were shown a different 
senes of eight colors from the Farnsworth set In this scries there 
are four classes named as before, [raa], [ma ], [mo], [mo ] °' v 

ever, the perceptual gap between the [ma-ma ] classes and [mo-mo J 
classes was four times as great as the gap between [ma ] an [mo 
This situation is schematized by distance in Figure ien 

looked at the senes the two end classes were immediately seen 
distinct from the four middle colors There is a ispropor i 
change at the vowel-length boundary The pro em ^ would 
termine whether or not these autochthonous sensory ca eg 
call attention to the change in vowel length and cause the subject 
make four groups of the colors »J lC 

In Table 9 the result, of all three group, «1 
number of trials required to discover t e ca e S su biccts who 

mto four classes -n.ere were only four Inals a ^“S a tcd 
had not discovered the grouping after ou , . obtained 

under tr.nl 5, the lowest score they could 

The Navaho subjects, who appear first in 10 T , ] ’ c S Englu . 1 | speaking 
the colors into four classes on the fi j „ shown to the 

subjects who saw the cght equally ^^./“""ps T1,e 
Nnvahos generally did not ammgc ho wt h a 

English speaking subjects who saw 0 
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disproportionate sensory gap at the points of change in vowel length 
show more variety of performance Only two subjects divided the 
colors into four groups on the first trial However, there were four 
others who did so on the second trial Evidently the gaps in the 
series of eight colors help to call attention to the difference of vowel 
length Even with this strong visual encouragement, however, there 
were six subjects who never did believe that a difference of vowel 
length could make two words different and so signal a categonal 
distinction in the nonhnguistic world 

TABLE 9 

The Number of Subjects in Each of Three Croups, by Trial, 

Who Arranged the Test Colors into Four Categories 

Trial 


5 or 

Group 1 2 3 4 More N 

Navaho subjects 111 — 2 1 15 

English speaking subjects separated colors 2 4 2 1 6 15 

English speaking subjects equally spaced colors — 1 — — 14 15 

We used the median test to determine whether the first English- 
speaking group should be considered to have the same median as the 
Navaho group and also whether the two English speaking groups 
were likely to have the same median Using the chi square test for 
independence (with Yates’ correction) we found that there is a 
probability of less than 0 001 that English speaking subjects of the 
first type have the same median as Navaho subjects The two 
English speaking groups are different with P = 0 05 These are very 
conservative tests since they give no credit for the prior prediction of 
order among the three groups 

The fact that some English speaking subjects, who worked with 
unequally spaced colors, recognized the distinctiveness of the four 
classes after hearing them named only once is important This result 
demonstrates a facet of the Word Game that we have not discussed 
It is evidently possible for nonhnguistic reality to serve as a guide to 
the categorization of speech The isomorphic relationship can be 
useful in either direction An inescapable visual difference leads us 
to look for a speech difference We may suppose that speech has 
less intrinsic importance than nonhnguistic reality, and it is therefore 
customary to describe speech as a map and the rest of the world as 
the region mapped It is clear, however, that when a dirt road turns 
into a four lane superhighway we may for the first time notice the 
difference between a thin and thick red line on an actual road map 
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The method used m these experiments is a very simple model of 
the Word Game There is at least one important difference from the 
Game as it is played with children In our paradigm it is perfectl) 
clear what entities are being named by the experimenter and it is also 
clear that hue is the only significant dimension for classifying these 
entities When the child hears ‘things” named he usually will not 
know just where the ‘ thing is and which of its attributes are defining 
He can use the name as an aid in forming hypotheses but these 
hypotheses will often require considerable refinement Jespersen 
(1922) tells of a little girl shown a picture of a priest and given the 
word “priest ” She then called her aunt a “priest because that lady 
wore a collar like that of the man in the picture A single denotation 
was not enough to form the category It is this hypothesis testing 
stage that is absent m our paradigm 

Speech as an Expression A child may be trained to differentiate 
traffic conditions by means short of an ultimate and dangerous 
criterion At first he can use the parental description safe or no 
safe ” Eventually he may rely on the visible aspects of the street 
itself Should he mistakenly classify some hazardous situation as 
“safe' the action he bases on that categorization will acquaint him 
with the ultimate attributes of an unsafe situation Sometimes Uie 
action one takes as a result of categorizing a situation ea s o u 1 
consequences which are not what we had anticipated onsi er 
fable of the boy who cned -Wolf” This alarm ordinarily signified 
the presence of a wolf and the villagers acted on t a : assump 1 ^ 
They found no wolf but only an amused htt e oy 
repetitions of this experience they recategorized I t si a 1 
m which a shepherd boy was bored and m search 
When they acted on this judgment there were un a ITJ 
for the boy A man who habitually uses words so ««»«* *** 
others are caused to form erroneous anticipations vdl 
classified as a liar In these cases we do not respond 
presentation of reality but rather as an eipr ‘ an( j cvcntSi , t 

His conversation does not lead us to conceiv I ‘ coward, 

causes ns to categorize the speaker h.mself-as bar, joker, 

ts. i*. — --jKnrr 

self categorization as when he sa)S ch M an expression He 

him at his word is not to respond to P , „ c in | C rpret his 

bis presented himself as a swine . reassurance then v.a 

speech as symptomatic of a P' 1,h< *f Jbdmioral difference is that 
are treating it as an expression 
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the speaker will acknowledge that he has described himself as a 
swine but he will probably deny hiving asked for anybody’s reassur- 
ance 

Parsons, Bales, and Shils (1953) arc probably correct in holding 
that all gesture is in some degree taken to be expressive of the actor 
We quite regularly react in tlus way to the nonphonemic, musical 
aspects of speech The voice may * tremble” with fear or grow "cold” 
with anger A woman irritated and made suspicious by her husband s 
late arrival may ask, with insinuating intonation, ‘Working late?” 
He may then react to the intonation rather than the morphemes and 
snap back, ‘That’s right— working late!” She now has an option 
If she likes she may be terribly hurt and say, “You needn't shout at 
me I just asked if you had to work late” She is not responsible 
for what her speech expresses and can deny everything but the 
presentation Alternatively she may contmue the mtonational con- 
versation and with mock sympathy say, ‘You must find it very 
unpleasant doing so much ntght work” This can go on for any 
length of time with a set of more or less epiplienomenal morphemes 
It is certain that some individuals, at least, habitually respond to 
speech as an expression The psychiatrist is one such His patient’s 
story about plots and threats does not move the doctor to phone the 
police It causes him to diagnose the patient as paranoid This 
categorization of the speaker predicts important ultimate attributes 
in a way that the categories he presents do not Perhaps the most 
basic change in the thinking of Sigmund Freud was his realization 
that the complaints of incestuous seduction he received from the 
ladies of Vienna provided no information about the fathers of Vienna, 
but a great deal about the repressed desires of the ladies themselves 
Speech from the couch ceased to be taken seriously as a presentation 
and became entirely an expression When speech is used to infer 
latent dream content and repressed impulses we should say it is being 
treated as revelation rather than expression The stronger word 
suggests the stronger resistance of the speaker to the interpretations 
of the auditor 

While speech is perhaps always taken to be an expression, there are 
circumstances in which this response is especially strong In some 
cases this happens because the auditor has evidence that the pres 
entation cannot be trusted This is the story of the boy who cried 
Wolf In other cases the auditor does not check the ultimate 
attributes of the concepts presented but rejects them on the basis of 
some judgment of improbability This is the story of the psychiatrist 
who diagnoses his patient as paranoid We have no research on the 
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determinants of this mode of reaction to speech— perhaps because it 
is our professional mode— but it would be interesting to learn some- 
thing about the matter 

The Linguistic Environment. We have defined the semantic 
utterance as one which is selective in the nonhnguzstic stimuli to 
which it is a response This is not the only kind of stimulus response 
selectivity that utterances manifest They are also selective with 
regard to linguistic context The contexts of an utterance have been 
treated as functional attributes of the utteiance It would seem that 
they must have also a role in the acquisition of linguistic meanings 
For certainly many words are introduced to us without nonhnguistic 
reference They are said to be verbally defined How many schizo- 
phrenics do we see in our first course in abnormal psychology 13 About 
as many schizophrenics as unicorns And yet we are supposed to 
learn the meaning of the term "schizophrenic” from reading and 
listening to many sentences in which the word occurs How can 
this be? 

Werner and Kaplan (1950) have done the only experimental stud) 
we know of this kind of language learning in children They used a 
Word Context Test in which artificial words are embedded in sen 
fences The subject going from one context to another is expected 
to arrive finally at the meaning of the word There were 12 senes of 
six sentences each Each sentence was presented on a separate card 
It was made clear to the child that each word had only one meaning 
throughout its series of six sentences After each sentence he was 
asked to tell what he thought the word might mean Here are the 
first word and its six contexts 


I Corplum 

1 A corplum may be used for support 

2 Corplums may be used to close off an open space 

3 A corplum may be long or short, thick or thin strong or wea ■ 

4 A wet corplum does not bum 

5 You can make a corplum smooth with sandpaper 

6 The painter used a corplum to mix his paints 

Werner and Kaplan gave their test to 125 children, 25 in each of 5 
age groups between 8 and 13 years Three judges enve <*i , 

(both linguistic and semantic) from a preliminary exami 
the protocols and employed these criteria in t e na ana > * 
found a gradual improvement in performance with g 

Many of the dimensions (word syncres.s, rigid, ty, hoIophrasK. cte ) 
«e of great interest m the problems of genetic psjcholog. Our 


present concern is not with the interesting 


conclusions of Werner 
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the speaker will acknowledge that he has described himself as a 
swine but he will probably deny having asked for anybody’s reassur- 
ance 

Parsons, Bales, and Shils (1953) are probably correct in holding 
that all gesture is m some degree taken to be expressive of the actor 
We quite regularly react in this way to the nonphonemic, musical 
aspects of speech The voice may “tremble” with fear or grow “cold” 
with anger A woman irritated and made suspicious by her husband’s 
late arrival may ask, with insinuating intonation, “Working late?" 
He may then react to the intonation rather than the morphemes and 
snap back, ‘That’s right— working late!” She now has an option 
If she likes she may be terribly hurt and say, “You needn’t shout at 
me I just asked if you had to work late" She is not responsible 
for what her speech expresses and can deny everything but the 
presentation Alternatively she may continue the mtonational con- 
versation and with mock sympathy say, ‘You must find it very 
unpleasant doing so much night work” This can go on for any 
length of time with a set of more or less epiphenomenal morphemes 
It is certain that some individuals, at least, habitually respond to 
speech as an expression The psychiatrist is one such His patient's 
story about plots and threats does not move the doctor to phone the 
police It causes him to diagnose the patient as paranoid This 
categorization of the speaker predicts important ultimate attributes 
m a way that the categories he presents do not Perhaps the most 
basic change m the thinking of Sigmund Freud was his realization 
that the complaints of incestuous seduction he received from the 
ladies of Vienna provided no information about the fathers of Vienna, 
but a great deal about the repressed desires of the ladies themselves 
Speech from the couch ceased to be taken seriously as a presentation 
and became entirely an expression When speech is used to infer 
latent dream content and repressed impulses we should say it is being 
treated as revelation rather than expression The stronger word 
suggests the stronger resistance of the speaker to the interpretations 
of the auditor 

While speech is perhaps always taken to be an expression, there are 
circumstances in which this response is especially strong In some 
cases this happens because the auditor has evidence that the pres- 
entation cannot be trusted This is the story of the boy who cried 
Wolf In other cases the auditor does not check the ultimate 
attributes of the concepts presented but rejects them on the basis of 
some judgment of improbability This is the story of the psychiatrist 
who diagnoses his patient as paranoid We have no research on the 
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determinants of this mode of reaction to speech— perhaps because it 
is our professional mode— but it would be interesting to learn some 
thing about the matter 

The Linguistic Environment We have defined the semantic 
utterance as one which is selective in the nonhnguistic stimuli to 
which it is a response This is not the only kind of stimulus response 
selectivity that utterances manifest They are also selective with 
regard to linguistic context The contexts of an utterance have been 
treated as functional attributes of the utterance It would seem that 


they must have also a role in the acquisition of linguistic meanings 
For certainly many words are introduced to us without nonhnguistic 
reference They are said to be verbally defined How many schizo 
phremcs do we see in our first course in abnormal psychology? About 
as many schizophrenics as unicorns And yet we are supposed to 
learn the meaning of the term “schizophrenic from reading and 
listening to many sentences m which the word occurs How cm 
this be? 


Werner and Kaplan ( 1950) have done the only experimental study 
've know of this kind of language learning in children They used a 
Word Context Test in which artificial words are embedded in sen- 
tences The subject going from one context to another is expected 
to arrive finally at the me fmng of the word There were 12 senes of 
six sentences each Each sentence was presented on a separate card 
It was made clear to the child that each word had only one meaning 
throughout its series of six sentences After each sentence he was 
asked to tell what lie thought the word might mean Here are the 


first word and its six contexts 
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and Kaplan, but with the merits of their method as a paradigm for 
the acquisition of linguistic meanings without nonlmguistic reference. 

The problem of the Word Context Test is not strictly a problem of 
concept formation or attainment but is rather concerned with concept 
identification Each nonsense word has an equivalent already familiar 
to the subject, "stick” is the solution to the example we have given 
Other nonsense words substitute for such familiar terms as "fault/ 
“hope,” "hole,” etc A word can usually be recognized by its 
phonemes In the Word Context Test this class of attributes is meant 
to play no part A nonsense sequence “stands in” for the sequence 
to be identified The children of the Werner-Kaplan study did not 
always understand this condition One child translated "hdber” as 
‘ leave ” Another translated “hudroy” as "hurry ” These children 
attempted to utilize the phonemic attributes which are of such great 
importance in the Original Word Game 

The familiar equivalents of the nonsense words can be discovered 
from the surrounding contexts in which the words appear In effect, 
subjects are given a series of contextual attributes of the word to be 

recognized For instance, the blank in the frame “A is used for 

support” is filled m English by many words with various frequencies 
The word “cane” is a likely choice in this context This word, how- 
ever, is a rather unlikely choice for the second sentence “ may be 

used to close off an open space” and it is still less likely for the sixth 
sentence ‘The painter used a — to mix his paints” Still the word 
‘cane” has some probability of occurrence in all the sentences 
However, the word “stick” has a rather high probability for all six 
sentences ‘A wet stick does not bum” “You can make a stick 
smooth with sandpaper ” * The painter used a stick to mix his paints ” 
We suggest that Werner and Kaplan’s “solution” to each series is the 
word which has the highest probability across the series The authors 
of the Word Context Test say that ‘as a child moves from one 
sentence to the next, the clues increase in definiteness ” In our terms 
this means that the context probability of the word is higher for later 
sentences in a series than it is for earlier sentences 

It is interestmg to speculate about the kinds of strategies that 
might be used on this problem In this study the subject is not 
exposed to positive instances of the concept He is given one attri- 
bute at a time and asked to guess the concept As an analogue, 
suppose an experimenter is using the concept of the Boston Classified 
Telephone Directory and he means to give his subject one attribute 
at a time ‘To begin with” he says, “it is yellow” The subject 
might think of everything in the world that is yellow and then 
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eliminate concepts from this population as lie is given additional 
attributes This is an extreme of the simultaneous scanning strategy, 
even more unlikely than that strategy ordinarily is In die experi- 
ments of this book simultaneous scanning involves remembering all 
the concepts that might be exemplified m a single positive instance 
which manifests all the defining attributes In the present case only 
one attribute is given It might be combined with any number of 
other attributes to produce the concept the experimenter has in mmd 
To think of all these is impossible It is likewise impossible to think 

of all the words that might fill the context A may be used for 

support The simultaneous scanning strategy would not always be 
impossible in the attribute by attribute recognition of a familiar 
concept Certain highly critenal attributes are consistent with only 
a very few categories or even perhaps consistent with only a single 
category Thus there is only one animal that has a trunk and only a 
few words that appear in the context . — were some people at the 
door ’ Notice that if this attribute by attribute situation concerned 
the acquisition of arbitrary concepts rather than the recognition of 
familiar concepts it would never be possible to think of all the concepts 
that might exhibit a single attribute or any conjunction of attributes 
because the number of such concepts would be infinitely large 
Because the subject is to guess a familiar category that the experi- 
menter has in mind he can form some shrewd hypotheses Where 


the number of categories consistent with a given attribute is \crj 
lar ge it is likely that a subject will think of only a few of the more 
probable cases Perhaps butter and lemon for yellow , cane an 

pillar for “A may be used for support ’ n 

In our analogue suppose that the subject guesses “banana when 
told the object is yellow This would be incorrect and so tne 
experimenter might add a second attribute It weighs two p°u n s 
One subject might think “Yellow and weighing two pounds an 
guess, “Two cartons of butter" The subject we have imagin 
on the basis of the conjunction of all preceding attri utes ® 
wonder to what degree this is true in the Word Context cs 
natively, a kind of lazy scanning strategy might be use . 
hypotheses would only be based on the immediate con ex a 
Ibe enternhty of some of the individual sentences, especia ) « 

last m their senes, is so high that it may not be ncccssa*> 

"bat has preceded Wc have asked several people to try 
the words from final sentences alone On severa ,c £ " 
correct With the sentence hdbered stamps from 

tries e\ cry one guessed “collected “ 
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There seem to be two extreme strategies that could be used The 
subject might simply react to the immediate context, choosing the 
likeliest word for this case When he finds a highly cnterial context 
such as the one just mentioned for “collected,” he has a strong 
suspicion that this is the answer and quickly glances back to see if il 
“fits” the earlier sentences On the other hand, he might base eacl 
guess on the accumulation of previous attributes, selecting the wore 
with the highest average probability in all earlier contexts It shoulc 
be possible to determine the degree to which previous attributes ar< 
kept in mind by comparing the guess offered when a sentence follow 
several other sentences with the guesses offered for this sentence u 
isolation Some of the children’s guesses were clearly based or 
single context attributes Thus one child provided two differen 
answers for two sentences in the same series “Before the house 1 
finished the walls must have paint ” “You can’t feel oi touch air 
The correct word in both cases is ‘ holes ” It has a lower probability 
than “paint” in the first context and a lowei piobabihty than “air” n 
the second context However, ‘paint” will almost never occur 11 
the second sentence and “air’ will almost nevci occur m the first 
If the first context were kept m mind “air’ ought not to be offeree 
for the second In our inquiries with adults, however, we fount 
evidence that the earlier sentences were kept in mind When, fo 
example, the sentence, ‘ The painter used a corplum to mix his paints 
was offered alone, a common suggestion was “palette” This neve 
occurred when the sentence occurred m its proper serial position 
We would suppose that ‘palette’ is ruled out by such earlier sentence 
as A corplum may be used for support ’ 

Most of the guesses of the children in the Werner and Kaplav 
stud) likewise appear to be founded on probabilities generated b 
the entire series It is our impression, however, that the easily soIve< 
scries usually include at least one highly cnterial context which wil 
quite reliably evoke the correct word Six sentences that call for th 
word with moderately high probability may be “solved” with a won 
possessing lower average probabilities Where one sentence almos 
certainly calls for a word subjects feel confident that this word is 
positive instance and will not easily relinquish it 
In the Werner -Kaplan study the older children found more correc 
solutions than the )ounger The older children also showed les 
\ .inability m the solutions offered We may suppose them to be mor 
like the adult model computers (Werner and Kaplan) who designei 
the test The )ounger children have not had enough experience o 
the English language to build in the context probabilities necessary t 
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a solution Children frequently made grammatical errors because 

ey a not learned that in the frame ‘ A may be used for sup 

port a noun is almost inevitably inserted Furthermore, the child s 
su jective critenahty for a sentence attribute can be quite different 
om the potential critenahty based on adult usage If one used 
young enough children to construct Shannons approximations to Eng- 
1S ° ne would get something quite different from the approximation 
intended One child used the word “cars’ to replace the nonsense 
Wor in th® sentence, "The way is clear if there are no ashders This 
must ti 13 * veiy child we have postulated who is learning when it 
is safe to cross the street In his experience cars was so predictable 
m this context that he persisted in using it in other sentences where 
weshould say that it did not fit at all well 
™ Werner-Kaplan test asks subjects to identify a familiar word 
Wit its phonemes changed and its contexts intact Tins might con- 
ceivably be done without having the nonhnguistic categones named 
y a ny words A knowledge of English word sequences could gen- 
era te a solution quite independently of semantics This is not a 
method for studying the acquisition of the nonhnguistic concepts 
na med by words 

In second-language learning, however, we sometimes have problems 
ltke * at posed in the Werner Kaplan test If, in reading German, I 
come upon an unfamiliar word, and am unable or unwilling to use a 
Actionary, the process by which I try to match this word with an 
ng ish equivalent is like the process of deciphering corplum up 
P°se the context in which the German word occurs is one that I can 
translate I then have an English sentence with a gap corresponding 
2 new word and am m a position to guess the English equivalent 
w j 6 Un ^ ami ^ ar word from its single context attribute s e n 
v °rd recurs in different contexts the attributes multiply and die hk 
°° , l dentifying it increases Successful use of this me o 
ff s > of course, on similarity of combinational probabilities in the 

° \' VOrd meanings (m the sense of co ordinate n ® n wor j 

® n , es ) the critical term were totally unfamiliar , ,, cre 

heard, standing for a concept « had no. £«* ^ 

« , oe no reason to alter its phonemes T P , p |ir . 

,ji h“°Phrenic" once satisBed these conditions for mo 1 
S„? nore > >t is usually introduced verbally rather tha 

our professor names some of the M*** “ ' ,f he 
Phre "'o Thefe might be attributes of physical appearance 
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can use words whose nonlinguistic concepts we have formed— pale, 
trembling, unshaven”— we may be able to identify instances of the 
category without ever having had one pointed out. If the physical 
attributes are not denotatively familiar— “hypokinesis, waxy flexibility 
—we may be unable to identify instances until these terms are reduced 
to something familiar. The professor may describe attributes of 
schizophrenic speech rather than schizophrenic appearance. If these 
attributes are familiar— “exceptionally slow, slurred pronunciation, 
small dynamic range”— we will be able to use them to identify schizo- 
phrenics. If the attributes are rather esoteric— “neologistic, autistic’ — 
they will be of little use for identification until they are explicated. 

In this example the concept is acquired from linguistic experience 
but the test of comprehension is still the denotative identification of 
new instances. The Werner-Kaplan test stays within the realm of ver- 
bal behavior. When a new word is used it is not possible to use their 
test of comprehension. What kind of verbal evidence can a subject 
give that convinces others he has attained a concept? 

When someone has had nothing but direct sensory experience of 
concept instances there are verbal tests that can be applied. Suppose 
a child claims to have seen kangaroos at the zoo. His elders can ques- 
tion him about the physical traits of this animal to satisfy themselves 
that he has indeed seen a kangaroo. If he can separate the defining 
attributes from the noisy they will believe that he has learned the 
kangaroo concept. If, however, the child in question has heard 
kangaroos talked about it will be much harder to find out, by verbal 
means, whether or not he has learned to recognize kangaroos. He 
may simply be repeating what he heard in school and his appropriate 
talk may not predict the ability to identify instances of the category. 

In this section we have held linguistic meaning close to a single 
operation: the act of discriminatory naming of referent entities. Of 
course, this operation does not exhaust the subject. Language func- 
tion is in some ways like a game, such as bridge or chess. If someone 
watches others play bridge long enough he will eventually discover 
the rules of the game and become able to play bridge himself. In 
playing the game he will not have to restrict himself to the particular 
bids and plays others have been observed to make. He will be able to 
create novel plays that conform to the structure of the game. Games 
are systematic. From knowledge of a limited number of moves one 
learns to become a creative participant extending the game to new 
moves that are permitted by its rules. In a game like bridge, rules are 
legislated before play begins but, in the language game, play began 
long before anyone wrote down any rules and not all the rules are 
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formulated yet The grammarian, phonologist, logician, and psy- 
chologist watch the rest of us play to discover the norms of our game 
Somehow those of us who play know more rules than anyone has jet 
formulated and we judge the speech of another to be meaningful when 
it stays within the rules The laws o f denotational semantics, gov cm 
mg the naming operation, are only one kind of rule m tins complex 
game 


LANGUAGE AND CULTURE 

It is popularly believed that reality is present m much the same form 
to all men of sound mind There are objects like a house or a cat and 
qualities like red or wet and events like eating or singing and relation 
ships like near to or between Languages are supposed to be itemized 
inventories of this reality They differ, of course in the sounds they 
employ, but the inventory is always the same The esthetic predilec 
tions of the Italian lead him to prefer euphonious vowels, while the 
German is addicted to harsh consonant groupings, but the things and 
events named are the same in both tongues We are confirm in 
view by our first foreign language textbooks which present us wit s 
of French, German, or Latin words standing opposite their exact Eng 
hsh equivalents . . 

There are, of course, poetic persons who claim to find in cac 1 a 
guage some special genius that peculiarly fits it for the expression o 
certain ideas But the majority of us are at a loss to understan 
this can be, since there is apparently a relationslup of mutin 
bihty among the languages we learn To be sure, we can sec » 
language might contain a few items more than another 
mans were to invent a new kind of automobile an w c a 
thought of such a machine, their dictionary would have one enby more 
than ours until we heard of the discovery and nam i , tur k 

But these inequalities are in the lexical fnnge 1C ) 
the great core of common inventory , , . .j JC jtu dv 

Tins glottoccntric outlook will be senouslj . n0 { 

of languages that he outside the Indo-European P j 

P T rtd l for hnd.ng that there » a Me in 

verb categories apparently do not exist or name Such 

which the colors graj and brown are called } ,c caused Wh«f 
dita fro m the stud} of American Indian tongues 1 rc ecf 

(1950), Sapir (1949), Lee (103S). Hoijer <**£***?!£ 
the usual view of the relationship between •*V,_ rtualPf a pi' 
T hc > su SS cst that each language < ™ bo *“ ^T^rtnr-a tn «n 
lictilar world \ica\ The speakers of a language i 
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agreement to see and think of the world in a certain way— not the only 
possible way The world can be structured in many ways, and the 
language we learn as children directs the formation of our particular 
structure Language is not a cloak following the contours of thought 
Languages are molds into which infant minds are poured This view 
departs from the common sense notion m a holding that the world is 
differently experienced and conceived in different linguistic communi- 
ties, and b suggesting that language is causally related to these psy- 
chological differences 

In this extreme form the hypothesis seems to predict perfect cor- 
respondence of cultural and linguistic areas It is embarrassed by the 
fact that the Finns who possess a European culture speak a language 
unrelated to the languages of most other European peoples It is 
embarrassed by the fact that the Hopi and the Hopi-Tewan who share 
a general Puebloan culture (Hoijer, 1954) speak very divergent lan- 
guages Perhaps, however these examples and others like them are 
not so damaging to the linguistic relativity thesis as they first ap- 
pear It may be that the Finnish culture only very superficially 
resembles general European culture A closer study of these people 
might show that then cognitive psychology is as unlike that of other 
European peoples as their language is unlike the Indo-European 
family It is also possible that the assignment of Finnish speech to 
the Finno Ugric rather than the Indo European family is based on 
linguistic features that have little psychological importance The 
Finnish language may resemble Indo European languages in all major 
psychological aspects Comparable questions can be raised with 
regard to every case in which linguistic and cultural boundaries do 
not coincide 

A good definition of culture is 4 all those historically created designs 
for living, explicit and implicit, rational, irrational and non-rational, 
which exist at any time as potential guides for the behavior of men" 
(Kluckhohn and Kelly, 1945, p 97) Culture will include such 
diverse systems as art, kinship, religion, etiquette, technology, fashions 
m clothes, and language The question is whether the language sys- 
tem is a rather trivial fraction of the total culture or whether it has a 
special importance such that full comprehension of the language en- 
tails comprehension of all other cultural systems We shall first ex- 
amine the formal and then the semantic aspects of language to see how 
important each is to total culture 

It is certain that there are man) features of language which may be 
studied without learning anything of religion, kinship, art, or the other 
major designs for living In general these are the formal categories 
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studied in abstraction from semantics Languages differ, for instance, 
in the phonemes they use and in the relatn e frequenc) with which the 
same phonemes are used Jespersen (1922) and RobacL (1954) have 
suggested that the “phonetic preferences of a language may be re 
veahng of national character According to one view vowels represent 
the feminine principle in speech and consonants the masculine This 
leaves English and German more masculine in character than Italian 
or Hawaiian No thesis is too exotic to test but this one is too exotic 
to take seriously without satisfactory test What are the other formal 
features of language that might relate to total culture but probably do 
not 9 

Languages differ in the number of phonemes they employ The 
range is from about 12 to 67 phonemes Languages differ also in the 
complexity of their phonemes, m the numbei of allophones included 
Within a phoneme The complexity and number of phonemes are 
variables that we would expect for theoretical reasons put forth earlier 
in this chapter, to be related to the ease of language acquisition 
Where languages have identical phonemic repertoires t ey i er m 
the sequences used to name particular concepts These names i 
in representational value from one language to anot er an 1 
differences should affect the ease with which the various names are 
learned In general, then, linguistic differences on the lweloi Vti 
nology have implications for first language learning « e > 
dear implications for other culturil content Languiges ig 
very different sounds to say much the same things 

We shall use Moms' (1946) tern, formator for an 
device that expresses a relation between categories n 
points out that relations of stems or words within the se " > 

shown by word order, auxiliary words or affixes Among *= many 
relational concepts regularly expressed in Eng “ .r^n expressed with a 
and the subject object relation Possession .....jf-mes ( I mil 

bound morpheme (‘John’s house ), tense "i ' (“Do" bites 

return' ) , the subject object relation with ord«J. Mg rf 

mai O It seems likely that most languages ^ particular 

three devices They differ however, in their ^ 

devices It is quite possible for languages o 

they use and yet to express the same re a ona grouped 

The "part of speech” is a functional *^jj h clhcr 

together because they have the same f..nc do „««- 

forms m the language The instances o English, nouns 

sanly have any phonemic common denomin f on ^hetlicr these 
are such a functional category There is some questio 
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functional categories have any “shared” semantic value. Fries ( 1952) 
has convincingly demonstrated that the schoolteacher's semantic defini- 
tions of the parts of speech really do not cover all instances. How- 
ever, the average speaker of English thinks of the parts of speech as 
representing the fundamental categories of reality. They are thought 
to stand for such abstract ideas as things, events, and qualities. It 
would be possible for languages to differ in the particular grammatical 
rules or contextual attributes defining their form classes and still to 
code the same higher order concepts into parts of speech. 

Differences of phonology, of formators, and form classes are all used 
in comparative philology (together with historical, geographic, and 
other considerations) to decide on the degree of relationship between 
languages. Indeed it is on the basis of their methods of expressing 
relations that languages are classified into isolating, agglutinative, 
flexional, analytic, synthetic, and polysynthetic types and this classifi- 
cation has been a major factor in working out the language families. 
Yet all of these formal aspects— phonology, formators, and form classes 
—can be as irrelevant to the total culture as are differences in colored 
inks on two maps to the region represented. It is not surprising, there- 
fore, that linguistic areas are not perfectly coincident with cultural 
areas. 

When the semantics of speech is studied in conjunction with the 
formal characteristics we are likely to learn more about the total cul- 
ture. Utterances can be analyzed as discriminating responses reveal- 
ing the categories of the culture. Languages can he compared in 
terms of the nonlinguistic categories they reveal. 

At the turn of the century Cambridge University sent a famous 
anthropological expedition to the Torres Straits. One member of that 
expedition, W. H. R. Rivers (1901), conducted some standard psy- 
chological tests with the native population. Among other things he 
used the Holmgren color yams and asked subjects to group together 
colors that belonged together. Rivers found that they consistently 
made certain “odd” groupings which corresponded to lexical groupings 
for them. Within such a class the natives gave all the yarns a com- 
mon name. Rivers decided that these colors did not really look alike 
but were put together because of the common name. This looks to us 
like a lingering remnant of culture bondage in the mind of this eminent 
scientist. One naturally hesitates on the threshold of believing that 
the categorization of physical reality is culturally relative. But what 
ground can there he for denying that these color groupings were per- 
ceptual categories? The subjects grouped the yams with both lin- 
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guistic and nonhnguistic class responses What more do we do with 
our red, green, and blue? 

In recent years Saptr (1949), Whorf (1950), and Lee (1938) have 
provided us with examples of the following kind of linguistic differ- 
ence A range of experience is differentiated in the lexicon of one 
language and undifferentiated m another The color terminology of 
the Torres Straits natives fits this pattern as do many Pacific island 
languages that fail to distinguish blue and green, the Navaho word 
that stands for both gray and brown, etc The Wintu have names for 
many varieties of cow, the Laplander distinguishes many snows, in the 
Brazilian jungles lexicons are proliferated for palm trees and parrots 
We have more names for varieties of automobile than do most people 
Murdock (1949) has described kinship terminology in 250 societies 
With respect to the biologically distinct varieties of “aunt mothers 
sister, fathers sister, mothers brother’s wife, and fathers brothers 
wife He found great variation, one lexicon having a distinct name 
for each, others grouping them together m various ways Most o t e 
areas of high lexical differentiation are of central importance to the 
culture The Wmtu makes his living raising cattle For the Lap 
lander snow has a thousand household uses I do not now w ia 
Brazilian natives do with palm trees and parrots, but it is oun o 
important to them It would be absurd to deny that *e lexical d* 
ferentiation of these items corresponds to a cognitive i ercn 1 
It remains, however, to wonder about the status o sue is 
for people whose lexicon does not code them , _mia<re 

An extreme position would hold that the spea ers o con 

with the relatively undifferentiated lexicon are una e 0 1S un 

cepts named in the more differentiated P ^ who de . 

tenable Too many travellers (among them th f vs a nd 

senbed the languages) have learned to see t e a P a such ^^1- 
the Wintu’s cows Too many of us reading e re P .. ^ 
lers have grasped these concepts from a esenp although 

AH of us realize the differences between the four availability 

we seldom pay attention to them Cultures <Merm J 

of the concepts m question The low availability 
speaker of those we have mentioned is "* an , ^y e mus t speak 
They can be pinned with a phrase but no a ^ “father’s brother’s 

° r ,he o, " er man ‘ ! 

K z, pf (1935) has shosvn that — ^ 
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functional categories have any "shared” semantic value. Fries (1952) 
has convincingly demonstrated that the schoolteacher s semantic defini- 
tions of the parts of speech really do not cover all instances. How- 
ever, the average speaker of English thinks of the parts of speech as 
representing the fundamental categories of reality. They are thought 
to stand for such abstract ideas as things, events, and qualities. It 
would be possible for languages to differ in the particular grammatical 
rules or contextual attributes defining their form classes and still to 
code the same higher order concepts into parts of speech. 

Differences of phonology, of formators, and form classes are all used 
in comparative philology (together with historical, geographic, and 
other considerations) to decide on the degree of relationship between 
languages. Indeed it is on the basis of their methods of expressing 
relations that languages are classified into isolating, agglutinative, 
flexional, analytic, synthetic, and polysynthetic types and this classifi- 
cation has been a major factor in working out the language families. 
Yet all of these formal aspects— phonology, formators, and form classes 
—can be as irrelevant to the total culture as are differences in colored 
inks on two maps to the region represented. It is not surprising, there- 
fore, that linguistic areas are not perfectly coincident with cultural 
areas. 

When the semantics of speech is studied in conjunction with the 
formal characteristics we are likely to learn more about the total cul- 
ture. Utterapces can be analyzed as discriminating responses reveal- 
ing the categories of the culture. Languages can be compared in 
terms of the nonlinguistic categories they reveal. 

At the turn of the century Cambridge University sent a famous 
anthropological expedition to the Torres Straits. One member of that 
expedition, W. H. R. Rivers (1901), conducted some standard psy- 
chological tests with the native population. Among other things he 
used the Holmgren color yams and asked subjects to group together 
colors that belonged together. Rivers found that they consistently 
made certain “odd” groupings which corresponded to lexical groupings 
for them. Within such a class the natives gave all the yarns a com- 
mon name. Rivers decided that these colors did not really look alike 
but were put together because of the common name. This looks to us 
like a lingering remnant of culture bondage in the mind of this eminent 
scientist One naturally hesitates on the threshold of believing that 
the categorization of physical reality is culturally relative. But what 
ground can there be for denying that these color groupings were per- 
ceptual categories? The subjects grouped the yams with both lin- 
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guistic and nonhnguistic class responses What more do we do with 
our red, green, and blue? 

In recent years Sapir (1949), Whorf (1950), and Lee (1938) have 
provided us with examples of the following kind of linguistic differ- 
ence A range of experience is differentiated in the lexicon of one 
language and undifferentiated m another The color terminology of 
the Torres Straits natives fits this pattern as do many Pacific island 
languages that fail to distinguish blue and green, the Navaho word 
that stands for both gray and brown, etc The Wintu have names for 
many varieties of cow, the Laplander distinguishes many snows, m the 
Brazilian jungles lexicons are proliferated for palm trees and parrots 
We have more names for varieties of automobile than do most people 
Murdock (1949) has described kinship terminology in 250 societies 
with respect to the biologically distinct varieties of "aunt," mothers 
sister, father’s sister, mother’s brother’s wife, and fathers brothers 
wife He found great variation, one lexicon having a distinct name 
for each, others grouping them together in various ways Most of the 
areas of high lexical differentiation are of centra importance to the 
culture The Wintu makes his living raising cattle For the Lap- 
lander snow has a thousand household uses I do rot h»w what 
Cl M.UW 1 I<« parrots, but it is bound to be 

Brazilian natives do with ^^svrdto deny that the lexical dif- 
nnportant to them w u onc j s t 0 a cognitive differentiation 
ferentiation of these items c P ^ status of such distinctions 
It remains, however, to wonder about Oie statu 

lor people whose lexicon does not co speakers of the language 

An extreme position would hold tot P tofonn , h f c0 »_ 

with the relatively undifferentiated lex. con ^ ^ ^ 

cepts named m the more diffe enhaled I g J ^ ^ ^ 

tenable Too many travelle < d to S see the Laplander’s snows and 
scribed the languages) have rea( w the reports of such travel- 

the Wmtu’s cows Too m an y° from a descnption-all m English 
lers have grasped these co«i ,^ enveen the four kinds of aunt, although 
All of us realize the differenc Cultures differ in the availability 

we seldom pay attention to em availability to the English 

^ nnnnoTxfc in Question in Inw 


of the concepts in question manifest in low codabllity 

snpnW nf those we have ^ut no t a word We must speak 

nned with a phr ® ^ cnmV » and "fathers brothers 
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nese, Plautine Latin, and American and British English, a tendency 
for the length of a word to be correlated with its frequency of usage 
There are many familiar examples of English words abbreviating as 
they increase m frequency The ‘automobile” has become the car. 

‘ Television” is now TV ” 4 Long-playing records” are ‘ L P.’s * Follow- 
ing Doob (1952) we have suggested that the failure of such English 
phrases as "white spotted cow and “damp soft snow” to abbreviate to 
a word means that they are less often used than the corresponding 
words among the Wintu and Laplanders We go further and pro* 
pose that these concepts are not only less frequently expressed but less 
frequently utili 2 ed in perception and thought They are not habitual 
cognitive modes, they are less available to the English speaker and 
this is manifest in the fact that the concepts are not coded into 
single words 

Brown and Lenneberg (1954) have demonstrated a relationship be- 
tween the availability of a concept and its codability Their approach to 
this originally cross cultural problem is peculiar in that they work within 
the English speaking community It is argued that the essential thing 
to be understood is the fact that experiences are more codable m one 
language than another What is the cognitive significance of a dif- 
ference of codability? Since there are differences of codability within 
a single language the authors hold that this question may be answered 
without recourse to cross cultural data Some colors can be named in 
English with a single word while others require a phrase If one in- 
vestigates the cognitive availability of these differentially codable 
colors for English subjects it seems reasonable to suppose that the 
results might be generalized to the cross-cultural case They have 
compared differentially codable regions of experience within one 
language and extrapolated their conclusions to the case m which the 
same region of experience is differentially codable in two languages 
The legitimacy of this extrapolation is supported by data of Lenneberg 
and Roberts (1955) collected from Zum Indians using a field adapta- 
tion of methods developed for laboratory study 
The first step m the experiment with English-speaking subjects was 
to devise a method for measuring codability The authors suspected 
that when a color required more than a single word to name it subjects 
would hesitate over their verbalizations, and disagree with one another 
and with themselves from time to time Subjects were shown con- 
trolled exposures of single Munsell color chips (24 in all). They 
were asked to name each color as quickly as possible following its ap- 
pearance Five measures were drawn from these data For each 
color they determined I the length of the naming response in words, 
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2 the length of the naming response in syllables, 3 the average reac- 
tion time 4 the degree of agreement among subjects in the naming 
response, 5 the degree of agreement on two occasions for the same 
subjects These measures were all related to one another in the antici 
pated manner. Particularly interesting is the fact that semantic am 
biguity within the community corresponds to inconsistency an esita 
tion in the individual It is as though competing social tendencies are 
competing habits in the individuals, a nice example of interiomed social 
norms The matrix of intercorrelations yielded a genera ac or \v ic 
was called codabihty The single index with the highest factor o - 

^New subject were given a recognition task which 

and simultaneously exposed After their remova r ecogm- 

to identify the 4 colors on a chart of 120 Munsell colors jn»W_ 
tion score for a color was computed from t le num 
fications Codabihty was significantly related to availability 

ured by the recognition score create conditions in 

The basic procedure was modified so . j .. m i also conditions 
which it should be easier to keep the colors in mi in ' one con dition 
m which it should be more difficult .mmed.ately fol- 

only a single color was exposed and t g four colors an d 

lowed its removal, while in another cas , vvluch the sub- 

then a three minute interval before recogni (] ’ e recognition task was 
ject was occupied with unrelated tas r eased This suggested 

complicated the correlation with coda - „ retained as an image 

to the authors that a single color mig e » 0 f nmc would he 

but that a number of colors retaine over . the name 

•stored' as names The ability to recover 

would then depend on the uneqmvoca 1 y c j ear t j ia t languages 

The reports of anthropological hnguis s ^ jn t j, e concepts the) 

differ not only in the sounds they emp °) ‘ suggests that the 

code The experiment of Brown an be(J in tcrms of the avail- 
cognitive differences involved may e revealed in codabihty 

ability of concepts and that availabiht) y and HolJ er have shown 

On the level of the formator, ’ 0 ’ f t ) ieir formators but : a 

that languages differ not only m the nalu xamp ie, Lee (I93S) has 
m the relational concepts they em P°) verb as validity modes rather 
described the conjugation of the 
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than tenses They do not indicate the time of an action but rather the 
grounds for believing in it One could report that “Harry is chopping 
wood in several quite different ways If we only know of the event 
by hearsay we use the verb form employed in relaying gossip and in 
describing one’s own past drunken behavior If we see the action 
another form is used If we hear the action or see the chips fly there 
is another form If we know that Harry is chopping wood because he 
does so every day at this time we conjugate the verb for a lawful regu- 
lar occurrence Whorf describes somewhat different validity modes 
for the Hopi verb These reports suggest that quite different funda- 
mental dimensions may characterize the thought of people in different 


Among form classes there is one very familiar cultural difference 
ender is a functional category Thus a class of French nouns is 
ned by the frame Le _ est bon” and another class by ‘ La _ est 
uende Y ne Y WS What tHe ° n S mal semant ' c significance of 
nean it one Tn been J Entwlstle < 1953 ) gnesses that in Indo-Euro- 
obiects ItY* t £ S 3 dlstlnc tmn between animate and inanimate 
European limr” 0 ’ ° ^ 0urse ’ consi stently sexual The various western 
to So “ g n 1 T 1 Ti 8 ?".’ 1 ’ tilC ‘ r mM P he mes mto the same geu- 
significance " * j doubt ful that this difference has any cognitive 
Likelier to h * * “ a " automa ‘' c a PPnrtenance to speech 

that the two Hnn COgnitIv r e implications is the observation of Whorf 
divide neatlv mt Y S s P eec ^ nearest our verb noun categories 
long -term e4ms it ^ “" d '™ rfs ^ 

Equally stnk.nu u. S P ar ^ and s P asn > would be Hopi “verbs " 
(1946) and all! T he observations of Kluckhohn and Leighton 

clasles wh,eh^ ^ dll **?* language “>!**• 

thin objects, words for „** gra r ,matlca ' categories of words for long 
etc Actual! v thprp U ° °^ ects ’ Wor ^ s ^ or granular substances, 

definition is onlv *” exce P tlons “ aI1 these classes and the semantic 
break along semantuTinY attribute Stl U’ ' vhe n functional classes 
language observe these 'l" 63 ’* SeemS bkely that lbe s P ea ' <e '' s °f the 
a semantically heteroi! ^ f “"f™ 8 lhe,r worid Even ""‘ h 
a feeling that most instan ' 1,ke our En S bsb »»“" there is 

“trull." and ’ beau ,/ are ^ - denotab,e While 

they arc infected ,n „ ! V ch thln S s 14 15 P osslbl e that, as nouns, 

the category. We wifl’Jrtt?* ' V ‘ th ?° “ thm S ncss " ,hat d ° m mates 
form cliuses until rtTl. J h °' V ,0 in,er P ret differences in 

logical experiments^ nEU ' St ‘° da ' a “ r ° com P lem fmted with psycho- 

Thcxast differences in nonl.nguist.c culture which separate us from 
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the Navaho, Wintu, and Hopi peoples are matched by great linguistic 
differences when the study of language includes semantics Within 
the nations of the European community there are not such great cul- 
tural gaps, Neither are the linguistic gaps as great Matched lexical 
items from the various European tongues are conventionally treated 
as semantic equivalents While the Frenchman says m3 re, the Ger- 
man mutter, and the Italian madre , we know they all mean "mother 
Such words are presented in elementary language courses as per- 
fect synonyms but this they usually are not The French wor 
amte, for instance, is not quite the same as English lady fnen or 
German Freundin All three forms would be used to designate cer 
tam relationships but their categories do not exactly coincide e 
word amte is more likely to designate a sweetheart than eit er o 
Germanic expressions and yet it has a wider semantic range ian 
English “sweetheart ” Even the words mire and ‘mother are not 
identical “Mother” is replaced by “mom ’ or W in certain- circum- 
stances and in certain social strata It is unlikely that is P r P 
tern is duplicated m other languages Slight differences in ^ 

tic reference are accompanied by differences in con ex which 

ties There will be French utterances containing om* for which 

* l a dy friend" is an unlikely English substitute reveal 

It,s probable that onl/the most subtle semantic stmta wrM reveal 

cultural variations within the European commu ty German 

wntten deErung the full sense of the word VnferWto the Genoa 

and this book would be a description of German cu attempting 

diet (1946) has actually presented the Japanese cu y Japanese 
to give the full meanings of a few Japanese identli with 

equivalent of “elder brother, for examp , P r Japanese values, 
our term but a full definition involves a description 


our term but a full definition involves a , r nded m 

family hfe, law, etc When the notion of Ianguag ^ 

Way it is a truism to identify language ar jdeas, interests, 

language is nothing less than an inventory o community The 
and occupations that take up the atten ion j, e distinguished 

study of semantics, in this extended sense, 

from the general study of culture anthropological linguists 

The exotic cognitive modes discovere y our wa . 0 f thinking 
have usually been represented as total y that we can learn 

We have already presented arguments w t further than this 

to think in these unaccustomed ways u turned up by Whorf 

and claim that most of the conceptual odd m ^ compIct s ociet> 
and others can be found m some S r ° u P nmv balls distinguish g 
After all, small boys interested in making smmba 
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packing" snow from “poor packing ' Skiers make still finer distinc- 
tions Cattle breeders recognize many kinds of cattle Experts on 
kinship terminology know all the kinds of aunts there are A subject 
of Dr Henry Murray’s whose TAT protocols we have read habitually 
qualifies his statements by mentioning the source of his information 
Scientists have developed the validity mode into the entire apparatus 
of statistics and experimental methodology We conjugate our verbs 
with reliability coefficients and “T” ratios Poets, schizophrenics, and 
scholars all cultivate deviant cognition The strange conceptual habits 
of alien people may all be found m some minority of our population 
They may be a professional habit, a flight into unreality, or a source 
of creativity 

In this appendix language has been described as a system of cate- 
gories having important relations with the nonlingmstic categories of 
thought and culture This "category analysis” points up some interest- 
ing continuities between language and the general psychology of 
cognition In the last section, for example, it was proposed that the 
cognitive differences suggested by the data of anthropological linguis- 
ts may be differences of category availability A less available cate- 
gory is not one we are unable to form but is, rather, a category we do 

rLTnn'm y US , e T hen the P 1,oneme 15 treated a category it 
toms f P SS i if 1 ° descrd,e cognitive differences between societies in 
a I( 15 n0t ,hat we are unable to categorize vowels 
consent" tl l We d ° T ord,nar,I y 50 categorize them, whereas this 

ic EsCr p ,Ce ° r (, ’ e Navahos The Navaho’s vowels and 
for those not Sn ° W a apP r t0 haVe the same k>nd °f low availability 
™ n n °‘ raiScd to thera °or method of analysis assimilates Ian- 

fevered somelh 'Ti° CO S mt,on At the same time it has 

revealed something of the special role of the language system 
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of Dr. Henry Murray’s whose TAT protocols we have read Jaabitually 
qualifies his statements by mentioning the source of his information. 
Scientists have developed the validity mode into the entire apparatus 
of statistics and experimental methodology. We conjugate our verbs 
with reliability coefficients and “T” ratios. Poets, schizophrenics, and 
scholars all cultivate deviant cognition. The strange conceptual habits 
of alien people may all be found in some minority of our population. 
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of creativity. 


In this appendix language has been described as a system of cate- 
gories having important relations with the nonlinguistic categories of 
thought and culture. This “category analysis” points up some interest- 
ing continuities between language and the general psychology of 
cognition. In the last section, for example, it was proposed that the 
cognitive differences suggested by the data of anthropological linguis- 
tics may be differences of category availability. A less available cate- 
gory is not one we are unable to form but is, rather, a category we do 
not conventionally use. When the phoneme is treated as a category it 
is again possible to describe cognitive differences between societies in 
terms of availability It is not that we are unable to categorize vowels 
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